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DESCRIPTION OF TWO NEW SPECIES OF SYMPHYLURINUS 
(DICELLURA. FAMILY PROJAPYGIDAE) FROM INDIA AND 
CHINA. 


By Filippo Silvestri, Portici, Italy. 

In a collection of Thysanura and Dicellura kindly aubinitted to me 
for study by the Zoological Survey of India I found a specimen of 
Symphylurinus, the first collected in India, which appears to belong 
to a new species and is described in this note together with another new 
species collected by me in China. 

The genus is represented in Africa and in Central and South America 
by a few species. 


Symphylurinus indicus, ^p- ^^ov. 

(Text fig. I). 

9 Corpus ochroleucum ; caput supra aetis brovioribus parum numorosis 
et nonnullis brevibua, setia postantonnalibus sublateralibus fji 70 longis 
ad apicem vix barbulatis ; labri seta postica mediana sat longa siibme- 
dianis subaequali ; antennae 23-articulatae, articulo 2° quam lum c. J lon- 
giore, aetis et sensillia conauetia vide fig. I, 1 ; palpo labiali c. f longiore 
quam latiore. 

Thorax : pronotura macrochaetis 4+4 barbula minima auctis, latera- 
libus fji 75 longis, auperficio cetera praeter setas marginales aubnuda, 
(tantum setia brevibua duabus) ; mesonotum macrochaetis 7 +7, quarura 
1+1 subanticis, submedianis dispositions consueta, auperficie cetera 
setis paucis inatructa ; raetanotum macrochaetis 5+5 cetero meaonoto 
simili. 

Sterna setia consuetis maioribus barbulis 1 — 2 auctis instructa. 

Pedes primi paris tibiae strigili apicali setis spatuliformibus 6 com- 
posita ; tertii pans trochanthero macrochaetis brevibua inferis 2, 
femore macrochaetis 2 superis, macrochaetis inferis submediana et apica- 
libua 2 longis barbulis 1 — 2 auctis, tibia macrochaeta ventrali submediana 
brevi barbula minima aucta, calcaribus apicalibus attenuatis, integris, 
praetarsi ungue postico quam anticua c. ^ longiore. 

Abdomen : tergitum lum macrochaetis anticis submedianis 1 +1 
et 1+1 posticis etiam submedianis ; tergitum 2um macrochaetis anticis 
1+1 et 2+2 posticis; Sum macrochaetis anticis 3+3, posticis 4+4 
brevibua et barbula minima auctis, superficie cetera setia brevioribus 
parce numerosis et nonnullis brevibua marginalibus ; tergita 4 — 7 macro- 
chaetis subanticis 4+4 (laterali inclusa Qt a prima ad quartam gradatim 
a margine antico remotis), et 4+4 posticis, quarum lateralis p. 78 longa 
est; tergitum Sum macrochaetis posticis 4+4, 9um 3+3; tergitum 
lOum setis mnimis anticis 2+2, macrochaeta subpostica mediana quam 
setae marginales submedianae beeves aliquantum longiore, setis 
niar^alibus sublateralibus-submediania, quam submedianae paullum 
longioribus, ceteris quam submedianae gradatim minoribus. 

B 
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Uposternum primum macrochaetisanticisS+S, posticis 4+4 barbulis 
1 — 2 instructis, processibus subcoxalibus gradatim parum attenuatis 
quam stili, pi 68 longi, parum longioribus ; uposterna 2—7 macrochaetis 
anticis 1+1, posticis 4+4, plerisque barbula minima auctis, superficie 
cetera setis brevibus et brevioribus parce numerosis, stilis conauetis ; 
UPOsternum Sum macrochaetis posticis submedianis 1+1. 



Text-fig. \,—Sym^hylurinu8 indkuB, sp. nov. 1. antennae laevae pars proximalis 
prona ; 2. thoracis et urotergiti prirai dimidia pars prona ; 3. pes i»ri8 tertii ; 4. uroter- 
giti quinti dimidia pars prona ; 5. urotergHnm deoimum cum lamina supranali et cerco 
dextero ; 6. urosterni primi dimidia pars ; 7. urosterni quinti dimidia pars ; 8. urostesrna 
Sum ad lOum prona. 

Apertura genitalis setis anticis 12 et 14 posticis instructa. 

<Cerci l3-articulati, articulis a tertio ad penultimum setis brevibus 
proximalibus etiam instructis. 

Long, corporis mm 2'10, lat. capitis 0*48, long, antennarum 1*30, 
pedum paris tertii ITO, cercorum 0‘80. 

Habitat. Exemplum vidi ad Helvak, Koyna Valley, Satara District 
A F. H. Gravely lectum. 

Symphylurinut oritnuliti sp* nov. 

(Text-fig. 2). 

$ Corpus cremeum ; caput setis paucis brevioribus et nonnuUis 
brevibus, omnibus integris vel setis inajoribus barbula vix auctis; 
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Antennae 23<articulatae, senaillis consuetis et setis vide fig. 2, 1 — 3 ; palpo 
labiali c. ^ longiore quam latiore. 

Thorax, Pronotiim maerochaetis 4+4 subtilibus sat longis, lateralibus 
{i 110 longis, barbula minima auctis, auperficie cetera setia paucioribua 
brevioribus et brevibua instructa ; mesonotum macrochaetis 8+8, quarum 
2+2 subanticae, 3 — 3 transverse submedianae, 3+3 posticis, auperficie 
cetera setis paucioribua brevioribus et brevibus ; metanotum macro- 
chaetis 6+5, quarum 1+1 subanticae, 1+1 trasverae submedianae et 
3+3 posticae cetero metanoto submilo. 

Sterna praesternia et furcoaternis macrochaetis consuetis. 

Pedes aetosuli, primi paris tibiae apicis strigili setarum spatuli- 
formium 5 — 6 aerie instructa, tertii paris trochantero subtus macrochaetis 
brevibua subtilibus integris 2, femore macrochaetis suporis 3 et duabus 
inferia parum longia integris vel barbula minima tantum auctia, tibia 
macrochaetis duabus superis et macrochaeta ventrali submediana subti- 
libus brevibus, calcaribua attenuatis simplicibus, praetarsi unguibua 
parum arcuatis, postico quam anticus c. | longiore. 



Text-fig. 2 . — Symphylurinua orientalia sp. nov. 1. antennae laevae pars proximalia 
prona ; 2. antennae laevae artiouli 7us ad Hum proni ; 3. antennae laevae pars distaiis ; 
4. thoracis dimidia pars prona ; 5. pes paris tertii ; 6. eiusdem tibiae apex, tarsus et 
praetarsuB ; 7. tarsi apex et praetarsus magis ampliati ; 8. urotergiti quinti dimidia pars; 
9. corporis pars postica a segmento octavo prona cum ceroorum articulo basali; 10. 
urosterni primi dimidia pars; 11. urosterni quinti dimidia pars; 12. urosterna Sum ad 
fultimum ; 13. valvulae genitales magis ampliatae ; 14. cercus laevus pronus. 

Abdomen. Tergitum liun macrochaetis anticis 1+1 et 1+1 posticis 
aubmedianis, 2um macrochaetis anticis 1+1, posticis 2+2, tergita 3 — 7 
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Bubsimilia macrochaetis anticis 4^-4 et 4+4 posticis, barbulis minimia 
1 — 3 auctia^ superficie cetera setia brevioribua et brevibua paucia in- 
structa ; tergitum 8um macrochaetia posticia 3+3, 9um etiam 3+3, 
lOum macTochaeta subpoatica mediana quam setae marginales aubme* 
dianae breviorea duplo vel parum magia longiore. 

Uroaternum primum macrochaetia anticis 3+3, posticis 4+4, proceS’- 
aibua aubcoxalibus elongatia paullum attenuatis, quam atili ( [x 90 longi) 
aliquantum longioribus ; urosterna 2 — 7 macrochaetis anticis 2+2 et 
4+4 posticis, stilis elongatis setis simplicibus ; urosternum Sum macro- 
chaetia posticis 2+2, 9um macrochaetis 1+1 sublateralibus, lOum macro- 
chaetis 2+2 transverse submedianis. 

Cerci 13-articulati (semper primo anuliformi et ultimo tubiformi 
inclusia) articulo secundo brevissimo a 3° male diatincto et tantum seta 
nonnulla sat longa instructo, 3° etiam a 4® parum distincto sed aerie 
Botarum completa, ceteris bene distinctis setis consuotis vide fig. 2, 14. 

Long, corporia mm 3*10, lat. capitis 0*50, long, antennarum, 1*30,. 
pedum paris tertii 1*10, cercorum 0*78. 

Habitat. Exemplum typicum ad Canton in humo et parat)q)um ad 
Tungahan (Canton, China) legi. 

Observatio. Species haec ad S. grassii Silv. perproxima eat, sed 
cercorum articulorum numero et articulo antepenultimo etiam setia 
brevibua destitute saltern distincta est. 



NOTES ON FISHES IN THE INDIAN MUSEUM. 


XXVIII.— On Three Collections of Fish from Mysore and Coorg, 

South India. 

By Sunder Lal Hora, D,Sc,, F.R.S.E., F.NJ., Assistant Superintendent, 
Zoological Survey of India, Calcutta. 

The three collections of fish which form* the subject matter of this 
note were made by three different coll(‘ctors from varied types of habi- 
tats. Mr. B. S. Bhimachar’s material was collected mainly from the 
Tunga river at Shimoga, but he also obtained specimens from tanks, 
other rivers and torrential streanis in thc‘ Mysore State. Dr. IT. S. Bao’s 
collection mainly consists of pool- , surface- and mud -living species from 
the Shimoga and Kadur Districts, whereas Prof, (k K. Narayan Kao’s 
material was obtained from the headwaters of the Cauvery river in 
Coorg where it is a vsluggish stream wdtli a sandy or muddy bed. 

From a zoo-geographical point of view the Mysore plateau is of excep- 
tional interest, as it is on tlie borderland between the ‘ Deccan tract ^ 
and the ‘ Carnatic or the Madras tract ’ of Blanford. Blanford included 
it in the Carnatic tract but remarked : “ Perhaps the Mysore platenu, 

from Bellary to Bangalore and the Nilgiris, should have been 
included in this tract [Deccan] rather than in the Carnal ic."^ It is 
fortunate, therefore, that I have betui afforded an opportunity to 
examine extensive material from this rc'gion. 

Our knowledge of the freshwater fishes of South India is mainly 
derived from the works of Jerdoif^ and Day,’^ but unfortunately Jerdon 
was not (juite familiar with the specific limits of the vspecies described 
by HamiltoiP from the Gang<‘s and, in consequence, the correct definition 
of the spe^cies recorded ])y liim is a matter of considerable difficulty, and 
in tint absence of the type material his species can only be identified by 
studying fresh colle(;tions made from type localities. In his earlier work, 
such as on the “ Fishes of Malabar Day also suffered from precisely 
the same Ijandicap as Jerdon and later, when he became familiar with 
the fishes of other parts of India, he changed his views regarding taxo- 
nomy of a number of speffies so radically that only a confusing mass of 
literature is left luliind which can only b(‘ sorted and sifted by an exa- 
mination of material frojii type localiti(‘S. 

The earlier naturalists, such as Bloch, Cuvier and Valenciennes*'^ 
described a large number of Indian species from specimens collected 
in Malabar. Some of these species have now proved to be widely dis- 
tributed, while others are restricted to the Peninsula. The fauna of 


' Blanford, Phil. Tmvs. Hoy. Soc. tjondon (B), C^XOTV, p. IU5 (1901). 

2 Jerdon, Madras Journ. LHl. <(' aSV/., XV, pp. i:U)-U9, (ISIS). 

^ Day, Faun. Brit. J nd. Fish. 2 v«»Js. (1889). 

* Hamilton, Fish. Ganyes (1822). 

® Bloeli, Naturyes. ausluml. Fischc, 2 voIm. (] 784-95). 

® CuvicT & Valenciennes, d/ist. Nat. Poiss., 22 vols. (1828-49). 
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the Western Ghats extends not only all along the range but spreads 
over to the hills of the Peninsula. In consequence, several species 
described by Sykes^ from Poona and the adjoining country have been 
found in the Mysore plateau ; the material under report has thus en- 
abled me to define the precise specific limits of some of Sykes’ species. 

In recent years Prof. C. R. Narayan Rao^ contributed two papers 
on the fish of Mysore and last year I*^ reported on a small collection of 
fish from the Chitaldrug District. Here I propose to describe the three 
collections of fish separately, noting in each case the ecological condi- 
tions under which the specimens were collected. Three new species 
are described, while notes arc added on a number of rare forms. As 
the taxonomy of the large-scaled Barbels of South India (fish of the 
Mahseer or Barbus tor type) is considerably involved, the treatment of 
the few specimens of this type in the collections under report is deferred 
till a monographic study of tit esc fishes is undertaken. 

My grateful thanks are due to Prof. C. R. Narayan Rao and Mr. B. 
S. Bhimachar for their kindness in presenting very valuable collections 
to the Zoological Survey of India. 


1. Mr. B. S. Bhimachar’s Collection from the Mysore State. 

Mr. B. S. Bhimachar of the Zoology Department, Intermediate 
College, Bangalore, made a collection of fish in the Tunga River at 
Shimoga (December, 1935), in the Western Ghats (May, 1930) and 
several other places in the Mysore State. The material, which contains 
a number of rare forms and a new species of Nemacliilus^ has now been 
presented to the Zoological Survey of India. At my request Mr. Bhima- 
char has very kindly sent to me the following observations on the ecology 
and bionomics of some of the species represented in his collection : — 

“ The majority of forms in my present eollertion were obtained from the Tunga 
river, about half a mile from the railway bridge upwards, near IShiraoga. The Tunga 
River takes its origin in the Western Ghais and flows north-east till it joins the Rhadra 
at Kudali, a village 0 miles from Shimoga. The Tungabhadra, thus formed, is the main 
tributary of the river Krishna. 

Tlic Tunga River has a wide, oed with perennial water and mostly flows over a rocky 
basin. It is a fast flowing stream like the other South Indian rivers. In the rainy 
season the river swells up considerably and the water is then mud<ly. In all other parts 
of the year the water is crystal elear and is well known for its sweet taste. Though 
there are some shrubs on the sandy islands in the bed of the river there is really no vege- 
tation in the river itself, except for a good growth of algae on the rocks over which a 
strong current of water flow s. 

I have observed Oarra attached to these rocks. They move very slowly on the 
rocks without completely detadiing themselves from the substratum. As they move 
they scrape the surface of the rock and devour the algae which form their main food. 
Olyptothorax is scarce in number and is occasionally seen attached to the rocks. Both 
Oarra and Olyptothorax are diflieult to spot out since their upper surface is dark like 
the rocks. The loaches {Nemachilus and Nrmachilirhthys) arc found on gravelly bed 
in shallow water. They do not swim about like other fishes and it is rather difficult 
to observe Ihem even in clear, shallow^ water, unless disturbed. The stripes on the 
body, no doubt, make them conspicuous from the side but viewed from above these 


1 Sykes, Trans. Zool. Soc. London, II, pp. 349-378 (1841), 

•Kao, Ann. Mag. Nat, Hist., (9) VI, pp. 45-04 (1920); Rao & Seshachar, Half- 
yearly Jovrn. Mysore Univ., I, No. 2, pp. 1-29 (1927). 

» Hora, Itec. Ind. Mus., XXXVIll, pp. 1-7 (1936), 
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fishes are difficult to make out because the colour matches with the gravelly bed of the 
river. The other forms, particularly the Oyprinoids, are confined to the deeper pools 
in the bed of the river and avoid the rapid current of water. 

The western part of the Mysore State is known as ‘ Malnad which means hilly- 
country. The hills of this region form the spurs of the Western Ghats. There are 
thick forests in this area, with a number of ra])idly Mowing streams, tlu^ smaller ones of 
which dry uj) in summer. The physical conditions of the country (the slopes of the hills 
and the climate) are well suited for the growth of coffee and cardamom. In one of the 
streams flow'ing in a coffee plantation I have collected Bhavania annaridalei and Nttm- 
chilus striatus. This particular stream is on the road-side between Kottigehar and 
Balelionnur.” 

Mr. B. S. Bhimachar’s material contains a specimen of Ophicephalus 
gachua with an abnormal dorsal fin collected by Dr. B. Tliirnmalachar 
in a tank near Mysore and a specimen of O. punctatus without the ventral 
fins. The latter abnormality was noticed in the practical classes by 
Mr. T. Ramachandra Rao. 

Besides the two localities mentioned in Mr. Bhimachar’s note fislies 
were also collected from (i) stream near Kottigehar village, (ii) a tank 
at Taluguppe village near Sagar, Shimoga District, (iii) Bangalore, (iv) 
Bhadra river, (v) Beth mangala tank, and (vi) Sulckerc tank. The entire 
collection is listed below according to the loealities. 


Tunga River at Shimoga, 

1. Mantarembelvs ar9natvs . 

2. (iarra hicornuta Rao ..... 

3. (Hurra jerdonii (Gay) ..... 

4. Laheo j)orci4lvs (Heekel) .... 

5. Barbvs pivnauratvft (Gay) .... 

6. Barbus sp. (Large-sealed Barbel) . 

7. Barbus dorsalis (Jerdon) .... 

8. Barbus kolus 8ykes ..... 

9. Barbus ticto (Ham.) ..... 
10. Barbus snpliore (Horn.) 

IJ. (Hrr}ii)ia fuluuges .... 

12. Scajihiodon yiashii {\)i\y) .... 

13. Hashora duuiconius .... 

14. Ksouius harbaius .... 

1/5. Danio sirnjilUfcr Myers .... 

16. Danio malaharirus (Jerdon) 

17. Bariliua bcndelisis Ham. .... 

18. Barilius barila ..... 

19. Barilius barna Ham. ..... 

20. Lahauca atpar {Ham.) . .... 

21. (JJifla aryentea Day ..... 

22. Nemachilus bhimarhari, sp. nov. . 

23. Nemachilus avguill-a Annandale 

24. Nemachilus denisonii Gay .... 

25. N emachilichthys shimoyetisis Rao . 

26. Lepidocephalichthys thermalis (C. & V.) . 

27. Glyplothorax delckanensis (Gunther) 

28. Xenentodon c^ancila (Ham.) .... 

29. Ophicephalus gachua Ham. .... 

30. A mbassis ranga {Ham.) .... 

31. Oloseogobius giuris {Ham.) .... 


2 specimens. 

3 specimens. 
6 specimens. 

4 specimens. 
2 specimens. 

1 specimen. 

2 specimens. 
1 specimen. 

1 specimen. 

1 specimen. 
4 sjjecimens. 

4 specimens. 

3 specimens. 

3 specimens. 

5 specimens. 

1 specimen. 

2 specimens. 
1 specimen. 

6 specimens. 

4 .specimens. 
9 specimens. 
1 specimen. 

1 specimen. 

2 specimens, 

5 8|K'cimens. 
9 specimens. 
1 specimen. 

1 specimen. 

4 specimens. 

5 specimens. 

2 specimens. 
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A stream on the road-side between Kottigehar and Balehonnur, Western 

Ghats. 

1. Bhavania annandcUei Hora . . . . .4 specimens. 

2. Nemackilus strialua Day . . . . .10 specimens. 

A stream near Kottigehar Village, Western Ghats. 


1. Barbus ticto (Ham.) ..... 

2. Barbus melanampyx Day .... 
8. Brachydanio rtrio (Ham.) .... 

. 1 1 specimens. 

. 6 specimens. 

. 6 specimens. 

A tank at Taluguppe Village nem Sagar, 

Shimoga District. 

1. Nemachilus dayi 'R otsl .... 

2. Lepidocephalichthys thermalis (0. & V.) . 

3. Panchax lineatus C. & V. . 

. 3 specimens, 

. 5 specimens. 

. 2 specimens. 

Round about Bangalore. 


1. Barbus bolus Sykes ..... 

2. Chela clupeoides (Bloch) .... 

3. Nemachilus den isonii Diiy .... 

4. Nemachilus slriatus Day .... 

1 specimen. 

. 2 specimens. 

. 1 specimen. 

. 9 specimens. 

Sulekere tank. 


1. Barbus ticto (Ham.) 

2. Chela clupeoidcs (Bloch) .... 

. 1 specimen. 

, 1 specimen. 

Bethmangala tank. 


1. Nemachilus Uenisonii Day .... 

. 13 specimens. 

Bhadra river. 


1. Barbus sophore. . . . . 

2. Kasbora daniconivs (Ham.) .... 
8. Esomus barhaius (Jordon) .... 
4. Barilius bendelisis (Ham.) .... 

1 specimen. 

1 specimen. 

. 1 sj)ecimen. 

. 2 specimens. 


As has been indicated above there is only one new species in 
Mr. Bhimachar’s collection, but the^ material has enabled me to add 
rotes on a few rare and interesting forms, such as Laheo porcellus, Barbus 
pmnauratus, Senphiodon nashii, Danio strigillifer, Bhavania annandalei, 
Nemachilus slriatus, N. anguUla, Glyptoihorax dekkanensis and two 
abnormal specimens of Ophicephalus. Attention may specially be 
directed to the nature of the gill-openings in Bhavania which are small 
and restricted above the base of the pectoral fins. Among the Homalop- 
terinae, as a rule, the gill-openings are fairly wide ; but in Bhavania 
the form of these structures corresponds with that found in several 
genera of the Gastromyzoninae, such as Gasfromyzon, Neogastromyzon, 
Beaufortia, Sewellia, and Pseud ogasi roniyzcm . The discovery of Danio 
strigillifer from S. India deserves special mention, as the species was 
only recently described by Myers from Upper Burma and has not so 
far been found in India proper. The occurrence of abnormal forms 
among the Ophicephalidae is not rare, but the two cases reported here 
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are of exceptional interest, firstly because the abnormality of the dorsal 
fin is rare and secondly because the absence of the ventral fins, though 
common in 0. gachua, is of rare occurrence in the other species. 

Labeo porcellus (Heckel). 

1877. Labeo porctUue, Day, Fieb. India, p. C39, pi. cxxviii, fig. 1. 

Labeo porcellus has hitherto been known from Bombay and Poona. 
Mr. Bhimachar obtained 4 specimens, 92-119 mm. m total length, troiA 
the Tunga river at Shimoga. It is evidently a small species, as no speci- 
men over 7 inches in length has been found so far. 

The upper lip and the rostral fold are shghtly fimbriated, whereas 
the lower lip is strongly papillated. The papillae are long and slender 
and cover the entire exposed part of the lip. Such a condition ot the 
lip seems to be antecedent to that found in Labeo dero (Ham.) and 
some other Himalayan species. A transverse groove and a number ot 
open pores on the snout are also present in L, porcellus^ 

Barbus pinnauratus (Day). 

1877. Barbus pinnauraiuSj Day, Fish. Indian p. 661, pi. cxxxix, fig. 3. 

Barbus pimiuuratus is represented by two young specimens, 85 and 
94 mm. in total length respectively, collected from the Tunga river 



Text-fig. 1. — Lateral view of a specimen of Barbus pinmuralus (Day) from the 
Tunga River. Nat. JSizo. 

at Shimoga. Besides the characteristic colouration of the species as 
described by Day, in the specimens under report there is a short, some- 
what oblique, deep black mark below the dorsal spine. 

Scaphiodon nashii (Day). 

1931. Scaphiodon ri>ashii, Mukerji, Joum, Bombay Nat. Hist. Soc., XXXV, 
p. 169, fig. 3. 

Mr. B. S. Bhimachar collected 4 specimens of Scaphiodon nashii 
from the Tunga river at Shimoga ; they are from 84 to 104 mm. in 
total length. The structure of the mouth, lips and jaws is more or less 
similar to that described and figured by Mukerji in 3 specimens, 92, 
95 and 104 mm. in length respectively ; while in the smallest specimen 


^Hora & Mukerji, Bee. Ind. Mus.f XXXVllI, p. 112 (1933) ; Hora, ibid., p. 320. 



io 


Records of the Indian Museum, [ Vol. XXXIX, 

the mouth is broad and is very much like that of an Osteochilus, Accord- 
ing to Day “ In the young the jaws are compressed, each with a carti- 
laginous covering : the lips at the angle are thick and continuous, not 



Text-fio. 2.— -Ventral Hurfaeo of bead of a young and a half-grown sjau-iinen of Sca- 
phiofion nnshii (May), showing changes in the nature of mouth, jaws and lips. 

a. Kroin a speeiinen 05 inni. in length without the caudal. 

b. From a specimen 82 mm. in length without the caudal. 

continued across the chin. As age incr(‘ases the mouth widens, the 
cartilaginous covering bc'comes more liorny, and the colours of the 
fish alter.” It se<uns probable that in writing up his note Day erro- 
ne.ously attributed the structun^ of the young to the adult specimen. 
One of the specimens of Scapkiodon nasliii (.‘xamined by J-)ay is stated 
to have been 4 inches (approximately 100 mni.) in length. The other 
two specimens noted to have been collected in South Canara were pro- 
bably smaller as they showed characters of “ Osteochilus malabaricus ”, 
The structure of the mouth and associated parts of the two stages is 
hgured here for future reference. 

Danio strigillifer Myers. 

1024. Davio Mriyillifcr, Myer.M, dmcr. Mus. NovitaUs, No. 150, p. 1. 

Danio strigillifer was described by Myers from two specimens collected 
at Myaing in Upper Burma. The South Indian specimens, which I now 



Text-fig. 3. — Lateral view of a specimen of Danio atrigillifer Myers from the Tunga 
rWet. x\^. 

refer to this species, agreed so closely with Myers’ description that they 
could not be separated from it by any well marked character. Since 
the occurrence of precisely the same form in such widely separated 
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localities was a matter of cosiderable significance I sent a specimen to 
Dr. J. T. Nichols, Curator of Recent Fishes at the American Museum of 
Natural History, and requested him to compare it with the type-speci- 
men of Myers’ species. He has replied as follows ; — 

** I have just compared tho specimen that you sent with Myers’ I). 

American Museum No. 8351, and believe they are the same thing. The s])Ocimcna are 
not in a very good states of preservation with colour almost cntirc'ly faded out, and I 
was unable to make out tho barbels satisfactorily, but notice that Myers described them 
as in your fish.” 

There arc a number of genera, such as Silurus, TkynnichlJiys and 
Homaloptera {s. L), which arc common to Burma, Assam Hills, Eastern 
Himalayas and South India, but, so far asl am aware, there is no r(‘(^ord 
of any Indian species with such a discontinuous range of distribution. 

Bhavania^ annandalei Hora. 

1920. Bhavania animmkilei, Hora, Jicc. Ind. Mus., XIX, p. 203, pi. x, figs. 

1»3 ; pi. xi, figs. 5‘7. 

The South Indian members of the family Iiomalopt(Tida('. had been 
80 much confused with tlmsc occurring in the Darjeeling Himalayas 
and the hill ranges of Assam that considerable difliculty was experienced 
in separating them. Finally, howev^er, Ilomaloptcu'idae of India- were 
grouped into three genera, vii., BaJitora Oray from tlu‘ l)arj<'eling Hima- 
layas, the Assam hill ranges and UppcT’ Bunna, Ifomaloptcnt van Hasselt 
from Tenasserim and Bliavama Hora from tlie hill rang(‘s of the Ihuiinsula. 
The description of the. last genus was based on immature spi^cimens of 
two species which dillcred from Balitoni in the form of the pectoral 



Tbxt-fiq. 4. — Lateral view of head and anterior part of body of Bhivanki aiLuandalai 
Hora, showing tho position and extent of its gill-opening, x 4 ^. 

fins and the number of rays in them. When material of extra Indian 
species of Homalopiera became available in the Indian Museum for 


* ^ Mukerji {Hec. Jnd, Mus.j XXXI, p. ISfi, footnote, 1929) havo already 

pointed out that my choice of the name Bhavania was rather unfortunate, for a similar 
name had been used by Schmarda for a Polychaete Bhawania in Neu^ Wirbelloec Thiere, 
I, li, p. 164, 1861. The different spellings of the two nameSf however, permit of Bhavania 
being retained as a valid genus. 

• Hors, Eec. Ind. Mus., XIX, pp. 195^215 (1920), 
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examinatioa, it was fouad that ia this genus the snout is either broad 
aud rouniet], as in Bhaoania, or long and pointed, as in the Tenasserim 
spjeies of flom^iloplera. The great variation in form and structure of 
the pectoral fins in different species of Honialoptera made ine^ abandon 
the genus Bhavania, unfortunately without a careful study of the poor 
material even then available from S. India. 

In Mr. B. S. Bhimachar’s collection there are four well preserved 
specimens of Bhavania annandalei from 35 to 83 mrii. in length. They 
agree with my description, but 1 omitted to record in the original 
account that in Bhavania the gill-openings are small and are situated 
entirely above the base of the pectoral fins. This feature is of excep- 
tional intm*(!st, for in no other genus of the Homalopterinae the gill- 
openings are restricted al)ove the base of the pectoral fins. This feature 
alone is of suilicient merit to distinguish Bhavania from the rest of the 
Homalopterinae. 

In the Gastromyzoniuac,*^ however, the gill-openings are restricted 
in quite a number of genera -Ptatudogasirontyzon, Sewcllia, Beauforlia, 
Neogastromyzon and Gastroniyzon, It was indicated by me^ that though 
the specialisation of form shows parallel evolution in the two subfamilies 
of the lloinaloptcridae, the modilication of the gill-openings had not 
undergone similar changes in the two seriiis, although. they are used 
for the same [)urpose in a similar environment. The discovery of small 
gill-openings in Bhavania supplies a further proof of the parallelism 
in evolution, and sliows that the causes tli.it brought about this con- 
dition were probably the results of some divergent modifications in 
the original stock. 


Nemachilus striatus JJay. 

1S77. Ncmacltilua Mtialtw, Day, Fis/i. India, p. 017, j)l. cliii, lig. 8. 

Mr. Bhimacdiar collected a fine series of 10 specimens of Nemachilus 
striatus from a rapid stream in a Coffee Plantation, Western Ghats. 
These specimens vary in length from 50 mm., while Day’s largest 
specimen was 2.V inches. The form and colouration shown in Day’s 
tigure probably represemt these features in an adult specimen. In the 
young individuals before me colouration varies considerably. In a 
specimen about 25 mm. in length there are only 8 vertical bands on the 
body, some of which show clear indications of splitting up vertically. 
These bands go on increasing in number and in a specimen about 50 mm. 
in length there are 12 bands. The bands in the anterior region become 
indistinct but the increase in their number continues behind the dorsal 
hm According to Day the number of bands is from 12 — IG in the part 
of the body behind the commencement of the dorsal fin. 

One constant feature of colouration, to which Day makes no reference, 
is the presence at the base of the anterior dorsal rays of a jet black spot ; 
this is very prominent in the young individuals. 


A llora, liec, Itid. Mus., XXXlll, pp. 67-69 ^1931) ; Mem. IiuL Mus., XII p 274 
<1932). ’ 

* Hora, Mem. hid. Mus., XII, p. 304 (1932). 

* Hora. Man. hui. Mus., XI I. p. 326(1932). 
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According to Day the lateral line passes direct from the centre of 
the orbit to the middle of the base of the caudal fin. In the specimens 
before me the lateral line is marked only for a short distance in the 
anterior region. 

Both Day and Mr. B. S. Bhimachar collected specimens of N, stricUus 
in association with Bhavania annandalei, 

Nemachilus anguilla Annandale. 

1919. Nemachilus anguilla, Annandale, Hcc. Ind. Mas., XVI, p. 127, pi. i, 
lig. 3 ; pi. iii, Hg. 1. 

Nemachilus anguilla was described from 3 specimens collected in 
the Yenna lliver at Medha, Satara District, Bombay Presidency. Mr, 
Bhimachar obtained a young specimen, about 42 mm. in total length, 
from the Tunga Kiver at Shimoga. This species can be readily distin- 
guished by the presence of two short, stout, digitiform processes in front 
of the upper lip. 

In the specimen under report the row of large, rectangular spots 
running along the mid-lateral line is more prominently marked, 

Nemachilus bhimachar!, sp. nov. 

D. 2/12 ; A. 2/5 ; P. 11 ; V. 7 ; C. 18. 

Nemachilus hhimachari is a stoutly built species in which the dorsal 
profile is moderately arched while the ventral profile is straight and 
horizontal throughout. The head is pointed ; its length is equal to 
the length of the caudal fin and is contained about 5 times in the total 
length of the fish. The width of the head is slightly greater than its 
height at the occiput whicli is about half the length of the head. The 
eyes are situated in the posterior half of the head and are placed dorso- 
laterally ; they are not visible from the ventral surface and are one 



Text-fio. 5. — Nemachilus hhimachari, sp. nov. 
n. Lateral view of type-specimen Nat. Size. 6. Ventral surface of head of same. X 2^. 

diameter apart. The diameter of the eye is contained about 6 times in 
the length of the head and 2*5 times in the length of the snout, 'fhe 
mouth opening is small, crescentic and horizontal. The lips are fleshy 
and fimbriated ; they are continuous at the angles of the mouth, but 
the lower lip is interrupted in the middle. The lips do noo cover the 
anterior portion of the jaws which are sharp and horny. The upper 
jaw is produced into a beak-like process in the middle while the lower 
] aw has a broad, rasping edge. The barbels are small ; the inner rostrals 
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and maxillaries are subequal and are as long as the diameter of the eye 
while the outer rostrals arc considerably shorter. The gill-openings are 
mostly lateral and extend to just below the base of the pectoral fin. 

The depth of the body Ls contained about 6 5 times in the total length 
of the fish. The caudal peduncle is considerably higher than long. 
The body is covered throughout with small distinct scales which are 
somewhat faintly marked on the ventral surface. The lateral line is 
distinctly marked up to the base of the anal fin, There arc small fleshy 
appendages at the bases of the paired fins. 

The dorsal fin commences considerably in advance of the ventrals 
and its commencement is equally distant from the tip of the snout and 
the base of the caudal fin ; its base is slightly shorter than the head 
and its upper border is truncate. The longest ray of the dorsal is not 
as high as the depth of the body below it. The pectoral fin is pointed 
in the middle ; its length e(|uals the head in front of the posterior margin 
of the orbit ; it is separat'd from the ventral by a distance equal to 
about half of its length. The ventral fin is almost as long as the pectoral 
and is similarly pointed in the middle ; it just misses the anal opening. 
The anal fin, when laid flat, reaches the base of the caudal fin which is 
cmarginate with rounded lol)es ; the lowi^r lobe is longer tlian the upper. 

The colouration is very characteristic of tlie species. There arc 
about a dozen black bands which vertical in the posterior region 
and obli([uely directed forward in the anterior region “ thescj bands 
are wider than the pale-olivaceous inteispaees between them. The 
dorsal fin is marked with three broad bands, the outermost forms a 
black edge to the fin. The caudal fin is marked with a number of in- 
complete bands. A black streak runs from the eye to the tip of the 
snout. 

Locality. — Tunga Kiver at Shimoga (December, 193e5). 

Type-specimen. — F12178/1, Zoological Survey of India (Ind. Mus.)^ 
Calcutta. 

Remarks, — Nemachilub hhimachari represents an intermediate form 
between Netnachilus and Nenmchilichthys, and it seems questionable 
whether the latter genus, which is distinguished from the former by the 
length of its dorsal fin and the elongated snout, is really distinct from 
Nemachilus, Attention may here be directed to the fact that in several 
species of Barbus, such as B. curmuca, B, dobsoni, B. kolus, etc., occur- 
ring in the Western Ghata and the hill ranges of the Peninsula the snout 
is also somewhat cylindrical and elongated. 

In its general facies N, hhimachari is abundantly distinct from all 
other species of Nemachilus known from India ; its most salient features 
are (i) elongated snout, (ii) fimbriated lips, (iii) oblique, vertical bands ; 
(iv) colouration of dorsal and caudal fins and (v) form of caudal fin. 

Glyptothoru dokkanentit (Gunther). 

1923. OlypMhorax dekkanensis, Hora, Rec, Ind. Mus., XXV, p. 24, toxt*fig. 3 

In Mr. Bhimachar’s collection there is a fine example of Glyptothorax 
dekkanensis, about 140 mm. in total length. The specimen agrees with 
Gunther’s description and my observations on this species. 



1937.] S. L. Hora : Notes on Fishes. IB 

The body is covered with small, longitudinally arranged tubercles 
of unequal size ; those along the lateral line are of a somewhat larger 
size and form a regular series. These tubercles are absent along the 
dorsal surface, at the base of the dorsal fin and on the head. 


Two abnormal stECflMENS OF Ophiccfliitlus spp. 

The absence of the ventral fins is a fairly common abnormality in 
the members of the genus Ojyhicephahs but amongst Indian species 
such a condition is usually associated with 0. gachua,^ Mr. B. S. Bliima- 
char has sent an undoubted specimen of 0. 2 )mc(atus Bloch, ab()ut 
169 mm. in total length, in which both the ventral fins are wanting. 
Unfortunately there is an incision in the mid-ventral line, but, s(j far 
as can be ascertained, there does not seem to be any abnormality in 
Icpidosis in the region of the ventral fins. In all other respects the 
specimen is quite normal. 

Of unusual interest is the abnormal condition of the dorsal fin in a 
young specimen of (). gachua Ham., 93 mm. in total length. The dorsal 
fin is divided into two portions, the anterior smaller, consisting of 2 
or 3 rays and commencing about the 6th scale behind the upper angle 
of the', gill-opening. This portion is separated from th(‘< normal fin by a 
distanc<*< almost ecpuil to twice the diameter of the eye and tin', inter- 
vening space is covered by about 5 scales. In other respects the speci- 
men is quite normal. 


2. Dr. H. 8. Kao’s Collection prom the Mysore State. 

In November-December 1928, Dr. H. S. Rao of the Zoological Survey 
of India collected fishes in the Shimoga and Kadur Districts of the 
Mysore State. I give below a short description of the localities based 
on Dr. Kao’s notes, with lists of species collected therefrom : 

Sharavati River below the Jog Falls, 2 miles below the Mysore Bungalow. 
26.xi.i928. 

“ The stream is over 500 feet below the point at which tho falls begin and is strewn 
with huge granite boulders. In the course of the stream there are shallow pools with 
sandy bottom.” 

1. Barbus sp. (Largo-scaled Barbel) .... 1 specimen. 

2. Barbus Jilamentosus (C. & V.) . . . .1 specimen. 

A hill-stream on the Jog-Sagar Road near the junction of the road leading 
to the ferry. 30.xi.l928. 

“ Bed strewn with large stones and boulders ; in places with gravel.” 

1. Brachydanio rerio {Ham.) 1 speoimen. 

2. Panchax Uncatus C. & V .1 specimen. 


^ Hora & Mukerji, Bee. Ind. Mus., XXXVI, p. 137 (1934). 
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Stream north of Sagar Rest House, Shimoga Dist. l-2.xii.1928. 

“ Full of weeds and algae. Bed sandy in some parts, gravelly in others.** 


1. Mastacembdus armatus (Lac6p.) . 

. 1 specimen. 

2. Garra jerdoni (Day) 

. 1 specimen. 

3. Barbus ticto {Ham.) ..... 

. 55 specimens. 

4. Rasbora daniconius (Ham.) .... 

. 11 specimens. 

6. Danio strigiUifer Myers . . k . 

. 1 specimen. 

6. Brachydanio rerio (Ham.) .... 

. 87 specimons. 

7. NernacMlus denisonii Day .... 

1 specimen. 

H. Nemachilus sinuatus Day .... 

1 specimen. 

9. Lepidocephalickthys Ihermulis (0. & V.) . 

72 specimons. 

10. Panchax lineatus C. & V. . 

14 specimens. 

11. Macropodus cupanus {C. Si y.) 

. 30 specimens, 

12. Ophiccphalus yachua Ham. 

. 2 specimens. 


Streams and pools on the Kalurkaltc Road near Sapar, Shimoga Dist. 
3.xii.l928. 

“ Bottom eovered with graved in soiin* parts and with sand and mud in other parts.” 


1. Barbus ticto (Ham.) ...... 7 specimens. 

2. Barbus vittalus Day ...... 2 specimons. 

II, Barbus cosuatus {Ufim.) ..... 1 specimen. 

4. lia<^bora (lanironius {Mam.) ..... 1 specimen. 

5. Bsotnus harbaius (Jordon). 2 specimens. 

6. Brachydanio rerio {Uam.) ..... 59 s|)eeimenfl. 

7. Lf'pidocephalichthys thrrmalis ((*. & W) ... 3 specimens. 

8. Pamha.t linmtns V>, h \ . . . . . 52 .specimens. 

U. Macrojmli s cupanus (0. & V.) . . . .19 specimens. 


Tank near Sagar Rest House, Shimoga Dist. 3-5.xii.1928. 


Surface covered with abundant growth of aquatic vegetation.*’ 


1. Itasbora daniconius {Warn.) . 

2. Panchax lineatus C. & V. 

3. Maxropodus cupanus (0. & V.) 


4 specimens. 
23 specimons. 
4 specimens. 


Stream near Kugve, 4 miles west of Sagar, Shimoga Dist. 4:.xii.l928. 


Muddy witli lot of vegetation.” 

1. Mastaccmbehis anmtns (Laeep.) 
2- Barbus dorsalis (Jerdon) 

3. Basbora danirotiius (ilam.) . 

4. Bsomus barbatus (Jerdon) 

5. Ophiccphalus yachua Ham. 


1 specimen. 

4 specimens. 
4 specimens. 
1 specimen. 
4 specimens. 


Streams on the Sagar-Shimoga 

1. Oarra jerdoni (Day) 

2. Rasbora daniconius (Ham.) . 

3. Labanca atpar (Ham.) 

4. Nemachilua denisonii JDay . 


Road, Shimoga Dist. 5.xii.l928. 

. . • . 2 specimens. 

. . . . 1 specimen. 

. . . 3 specimens. 

. . . . 2 specimens. 
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Tunga River at Shimoga. 8-10.xii.1928. 

“ Rocky in the middle, sandy or full of gravel near the banks. Mostly shallow, 
but with deep pools in the middle. Small, sandy pools near the bank overgrown 
with weeds.*’ 


1. jerdont (Day) 

• . . 2 specimens. 

2. Barbus pinnauratua (Dfiy) . 

. . . 2 specimens. 

3 . Barbus sophore (Ham.) 

. . . 7 specimens. 

4 , Barbus dorsalis (Jerdon) 

. . . 2 specimens. 

5 . Barbus pulchellus (Day) 

. . . 1 spooimon. 

6 . Cirrhina fulunget 

. . . 2 specimens. 

7 . Rasbora daniconius (Ham.) . 

• . . 8 specimens. 

8, Esomus barbatus (Jerdon) 

• . . 3 specimens. 

9 . Rohtee duvaucclli (C. & V.) . 

. . . 1 specimen. 

10 . Labauca atpar (Ham.) 

. . . 1 specimen. 

11 . N emachilichthys shimogensis Rao. 

1 specimen. 

12. Mystus carasius 

11 specimens. 

13 . Ophicephalus puvetatus Bloch, 

- . . 1 specimen. 

14 . Ambassis ranga (Ham.) 

. . . 1 specimen. 


Bhadra River at Bliadravati, Shimoga Dist. r2-14.xii.1928. 

“ Bottom rooky in places but mostly covered with thick layer of silt. At the sides 
the bed consists of large gravel or coarse sand. Vcg(‘tatiori rather sc.aiity, except for 
small shrubs in sandy part. Filamentous and other algae in abundance.’’ 

1. Barbus dorsalis (Jerdon) ..... 2 specimens. 

2 . Barbus ticto (Ham.) . , , , , .13 specimens. 

3 . Bashora daniconius (Ham.) . . . . .20 specimens. 

4 . Esomus barbatus (Jerdon) 28 specimens. 

6. Danio sirigillifer Myers 1 six>cimon. 

6. Labauca atpar (Ham.) 43 specimens. 

7 . Lepiflocfphalichlhys ihermalis (C. & V.) . . . 15 specimens. 

8. Panchax lineatus C. & V 15 specimens. 

9 . Macropodus cupatius (0. & V.) . . , .3 specimens. 

From the description of the localities it is clear that Dr. Kao col- 
lected fishes from pools and puddles and, in consequence, the fish-asso- 
ciation in this lot mostly consists of small, surface-living or mud-living 
species. Only a few rapid-water forms are present and the larger species 
are represented by young specimens only. 



''‘T (Ham.), to show tho 

oiour Hpots on the dorHal and anal fins and sensory folds on the head, x 3^. 

Most of the species represented in this lot do not call for any com- 
ments, but attention may here be directed to the presence of an apodal 


18 


Records of ^ Indian Museum. [ VoL. XXXIX, 

specimen of Ophicephalus gachua, 63 mm. in total length, and of spcci 
mens of Danio strigillifer Myers. Tn the specimen of Barbus ms 

the lateral line is only absent on the last 3 or 4 scales and the black ban s 
on the dorsal and anal fins are represented by well defined patches which 
become diffuse on the neighbouring rays. The most remarkable feature 
of this species appears to be the prcvsence of numerous, fine, parallel 
sensory folds on the sides of the head. This feature it shares with the 
fishes of the genus Cyclocheilichthys Bleeker, but in other respects it is 
quite different. 

3. Professor C. R. Narayan Rao’s Collection from the Cauvery 
River in the Cooro State. 

Professor C. R. Narayan Rao of the Central College, Bangalore 
(University of Mysore) has presented to the Zoological Survey of 
India 211 specimens of fish collected over 10 years ago from the 
headwaters of the Cauvery River in the Coorg State. Unfortunately 
the locality labels have been destroyed by the formalin solution in which 
the specimens had been kept, and the collection also has suffered con- 
siderably by a long immersion in this fluid. 

Professor Narayan Rao informs me that the fish were collected at 
4 places along the Cauvery River — Bhagamandla, Shhlapur, Fraserpet, 
and Dubari. Of these places he writes - 

“ The Cauvery takes its source in Bhagamandla where it is a narrow 
stream with even current of water flowing over soft earth — mostly 
loamy soil. At Siddapur the stream is still slender and sluggish and 
there is not miich difference in the character of the soil. At Dubari, 
the river widens out into a fast stream flowing over smail Ixjulders and 
sand. It is still wider at Fraserpet but the current is slow, flowing over 
a sandy bed.” 

Of the 54 species represented in this collection, 33 belong to the 
Cyprinidae, 11 to the Siluroidea (fiimilies : Ileteropnemtidae, Bagridae, 
Sisoridae, Schilbeidae, vnxd Clariidae), 1 to the Mastacembelidae, 2 to the 
Cyprinodontidae, 1 to the Xenentodontidae, 3 to the Ophiceplialidae, 
1 to the Osphronemidae, 1 to the Ambassidae and 1 to tJie Gobiidae! 
The fish association fully bears out the nature of the localities as des- 
cribed in Professor Narayan Kao’s note ; most of the species are sluggish- 
water forms. 

Besides the two new species of Barbus, which belong to the group 
Puntius, there are reprr seiitatives of several rare forms. Special men- 
tion may be made of the fact that B. filammtosus and B. mahecola are 
definitely proved to be conspecific, the former represents male individuals 
and the latter either young or female specimens. Bashora caverii 
(Jerdon) is redescribed from a large number of specimens ; this species 
was imperfectly known and had not been recognised as distinct from 
R. daniconius. The precise generic and specific limits of Pseudmtropius 
taakree (Sykes) will be discussed elsewhere. ^ 

The following is a complete list of the species represented in Professor 
Narayan Rao’s coUection. Most of the forms do not call for any 

r 
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comments, but the two new species are described below and notes are 
added on Barbus JUamentosus and Jtasbora caverii. 


Mastacbmbbudab. 


No. of 
specimen 8. 


1. Mastacembelus armatus (Lac^p.) 


2 


Cypeinidae. 

2. Caraaaiua vulgar ia Nilsson . 

3. Qarra mullya (Sykes) .... 

4. Oarra jerdonii Day .... 

6. Qarra atenorhynchua (Jerdon) 

6. Labeo hogut (Sj^kes) .... 

7. Laheo duaaumieri (C. & V.) . 

8. Barhua chryaopoma C. & V. . 

9. Barhua pinuauratua Day 

10. Barhua duhiua Day .... 

1 1 . Barhua micropogon C. & V. 

12. Barhua cauverienaia, sp. nov. 

13. Barhua aophore (Ham.) 

14. Barhua lithopidoa Day 

15. Barhua doraalia (Jerdon) 

16. Barhua Jcolua Sykes .... 

17. Barhua filamentoaua (0. & V.) 

18. Barhua ticto (Ilara.) .... 

] 9. Barhua melanampyx Day 

20. Barhua narayani, sp. nov. . 

21. Cirrhina fulungee (Sykes) 

22. Cirrhina reha (Ham.) . . . . , 

23. Scaphiodon thomaaii (Day) , 

24. Aapidoparia morar {Hum.) . 

26. Bohtee ogilhii Sykes .... 

26. Bohtee neilli Day . . . . , 

27. Amhlypharyngodon microlepia (Bleeker) 

28. Raahora daniconiua {Hvim.) . . , . 

29. Baahora caverii (Jerdon) 

30. Kaomua barhatua (Jerdon) 

31. Danio malaharicm {Savdciw) 

32. Bariliua gatenaia (C. & V.) . 

33. Nernachilua deniaonii Da^ 

34. Nernachilua dayi Hora 

Heteropneustidae. 

35. II eteropneuatea Joasilia {Bloch) 

Baqbidab. 

36. Myaius aor (Ham.) . . ^ . 

37. Myatua punctatua {Jerdon) . 

38. Myatua cavaaiua (Ham.) 

39. Myatua vittatua (Bloch) 

40. Myatua montanua (Jerdon) . 

41. Myatua matabarictia (Jerdon) 

Sisoridae. 

42. Nangra virideacena (Ham.) . . . . 

43. Qlpptothorax madraapatanua (Day) , ^ 


1 

8 

1 

2 

3 

3 

3 

7 
1 
2 
2 
5 
2 

17 

2 

2 

1 

1 

2 

1 

2 

1 

1 

1 

p 

4 
3 

21 

1 

8 
7 
9 
3 


12 

2 

1 

10 

12 

9 

4 

1 

1 
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SCHILBEIDAB. 

44. Paevdeutropiuataakree(^y\ieft) 

CLABnDAB. 

46. Clariaa batrachua (Linn.) . . . , 

C Y PRINODONTID A E . 

46. Panchax blochii (Arnold) . . . . 

47. Panchax lineatus G. & V. . 


Xenentodontidae. 

48. Xenentodon cancila (Ham.) .... 


OPinCEPHALTDAE. 

49. Ophicephalus marulius Bloch. 

60. Ophicephalus punctatus Bloch. 

61. Ophicephalus (jachua Hsum. . 

OSPHROBEMIDAE. 

62. Macropodus cupanus (0. & V.) 

Ambassidae. 

63. Amhassis ravga (Ham.) 

Gobiidar. 

64. Olossogohius gitiris (lifim,) . 


No. of 
specimens. 

1 

2 

6 

1 

4 

1 

2 

4 

.2 

2 

3 


Barbus cauveriensis, sp. nov. 

D. 3/8-9 ; A. 2/5-0 ; P. 15-10 ; V. 7 ; C. 18. 

In Barbus eauveriensis tlic dorsal profile of the head rises sharply 
from the tip of the snout to the occiput and thereafter gently to the 
dorsal fin beyond which it gradually slopes down to tlie base of the 
caudal fin. The ventral profile is evenly arched throughout. The head 
is somewhat pointed and the snout considerably produced. In these 
respects the species corresponds very closely with forms like B, duhins, 
B. thomassi, B. ctmnvca and B. kolus, all of which are found in South 
India. 

In the two specimens before me the head is proportionately larger 
in the smaller individual ; it is contained from 3*G to 3*8 times in the 
length without the caudal, its width is contained 1*7 times and its height 
at occiput M times in its length. The greatest depth of the body is 
contained from 2*8 to 3*2 times in the length without the caudal ; the 
body is considerably deeper in the smaller specimen and is almost as thick 
as the width of the head. The eyes are small and situated almost 
entirely in the anterior half of the head ; the diameter of the eye is 
contained from 4*6 to 4-8 times in the length of the head, 1-6 times in 
the length of the snout and from 1*6 to 1*8 times in the intcrorbital 
width. The mouth is small, somewhat oblique, sub-inferior and horse- 
shoe-shaped ; the maxilla does not extend to the anterior border of the 
orbit ; the lips are thick, somewhat papillated, and continuous. The 
post-labial groove is interrupted in the middle. There is a pair of small 
maxillary barbels which are as long as the diameter of the eye. On the 
pides of the head there are numerous, jSne, parallel sensory folds similar 
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to those present in fishes of the genus Cyclocheilichthys Bleeker. The 
suborbital ring of bones is narrow. 



Text-fio. 7. — Lateral view of the type-specimen of Barbus cauvsfisnsis, sp. nov. X 

The scales are large and firmly fixed ; there are from 25 to 26 scales 
along the lateral line and 9 longitudinal series between the bases of the 
dorsal and ventral fins. Between the lateral line and the base of the 
ventral fin there are 3| rows of scales. The number of scales round the 
caudal peduncle is 12 and in front of the dorsal fin 9. The scales at the 
base of the dorsal fin form a tile-like row. The lateral line is complete. 
The caudal peduncle is from 1*3 to 1*4 times as long as high. 

The dorsal fin commences almost midway between the tip of the 
snout and the base of the caudal fin ; its free border is slightly concave. 
The dorsal spine is osseous and smooth ; it is three-fourths of the length 
of the head. The pectorals are considerably shorter than the head and 
do not extend to the bases of the ventrals which are separated from the 
anal-opening by a distance almost equal to half of their length. The 
body between the ventrals and the anal is somewhat keeled. The anal 
fin is short and is separated from the caudal by a considerable distance. 
The caudal fin is deeply forked. 

The specimens under report are greyish brown, but on account of 
long immersion in a formalin solution appear to have lost all natural 
colour. 

Locality , — Cauvery River, Coorg State. 

Type-s'pecimen, — Y Zoological Survey of India (hid, Mus,), 

Calcutta, 

Remarks , — This is a remarkable species of the genus Barbus and can 
be distinguished by (i) two barbels, (ii) osseous, smooth spine, (iii) large 
scales, (iv) small eyes, (v) greatly produced snout, (vi) nature of dorsal 
profile, and (vii) sensory folds on the head. I am not aware of any 
other species of the genus Barbus in any way closely allied to this species, 
unless any of Jerdon’s species, which arc very little known, may prove 
to be this form. 


Measurements in millimetres. 


Total length without caudal 

1060 

124*0 

Length of head . 

28-9 

32*5 

Width of head , 

• • • • • 17*0 

19*0 

Height of head at occiput , 

200 

22*6 

Depth of body , 

370 

39*0 

Width of body . . 

16-0 

190 

Diameter of eye , . 

• . • • • 0*0 

7*0 

Interorbital width 

^ , • . 11*0 

11*3 


p 
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Length of snout 

10-0 

no 

Length of dorsal spine ...... 

220 

240 

Longest ray of anal 

14-C 

16*5 

Length of pectoral ....... 

210 

22-5 

l-.ength of caudal peduncle ...... 

18-0 

220 

Tx‘ast height of caudal peduncle ..... 

140 

15-2 


Barbus filamentosus (Cuv. & VaL). 

1844. Leuciacua filamento8U8f Cuvier and Valenciennes, Hiat. Nat. Poias., XVII, 
]). 00, f)!. cceexeii. 

Of tho very large number of species of the genus Barbus (s. I,) known 
from India, B. filmnentosus can be readily distinguished by its large 
scales and charaei,(*ristict (‘olouration. Identically the same features 
distinguish B. nuihecola (0. & V.).^ In his account of the former species 
Day 2 stated that “ It is so similar to B. Mahecola (except in wanting 
barbels) that I have not figured it.” When considering the utility of 
barbels in separating species of Barbus Day (oj). cit., p. 556) remarked : 

‘‘ It is remarkable how very similar the Barbus Mahicola, C. V. 
which has two barbels, is to the B. filamentosus, C. V. with none. If a 
number of examples ar(‘ examined it will be found that in some these 
appendages are very minute, tin* barbels being, as a rule, smallest in 
specimens obtained furthest from the hills. In South Canara, the 
Wynaad, and base of the Neilgherries, where the barbels are large, the 
B. Mahicola a])ounds : towarcls Cochin and up the (Joromandel coast 
as far as Madras th(*y a.r(* small or absent, and B. ftkmtentosus is the 
type. Here, undoubtedly, the question must force itself on one’s 
notice, are we «l(^aling with two distinct specnes, or one in a state of 
transition ? If the latter, which is the original form ?” 



TEXT-na. 8.~ Lateral view of !u*:id ;.rnd anterior part of bmly of a male and a female 
specimen of Barbus flawrnioans ((!. & V.). Mat. Size. 

In his ‘‘ Fishes of Malabar ” Day had considered Puntius filamen- 
tosus as the adult of P. mahecola, but Gunther^ did not agree with his 
view and remarked, “ I hesitate to adopt this opinion, because the black 
caudal spot is more advanced in B. filmnentostis than in the figure of L. 
mahecola."' From an examination of the material in the collection of 


^ ('hivier &■ Valonoiennoa, Hist. Nat. Poias., XVTI, p. 305. pi. 502 (1842). 
‘ Day, Fish. India, pp. 582. 556 (1877). 

» Oanther, Cat. Fish. Brit. Mus., VII, p. 146 (1868). 
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the Indian Museum I am convinced that Day was fully justified in his 
views regarding the identity of the two species referred to above. In 




Text-fig. 9. — Lateral view of dorsal fin of a male and a feuialo specimen of liarbm 
fiUiinentosua (C. & V.). Xlf. 


the adult condition, especially at breeding time, secondary sexual cha- 
racters appear so that in the males the anterior 4 or 5 branched rays of 
the dorsal fin are prolonged and the snout is covered by a patch of large 
tubercles on either side in front of the eyes. The male in this condition 
represents the filamentosus--iy'pe and the female mahecola-ty^a. It was 
pointed out by Mukerji and myself^ that morci or less similar sexual 
differences were responsible for Barbus chagunio and B. spilopholus 
being recognised as two distinct species. Quite recently Misra and P 


» Hora & Mukerji, Journ. As. Soc. Bcnqal (N. S.) XXVH 1931, p. 137 (1933). 
* Hora a Misra, Rec. Ind. Mus., XXXVIIt, p. 341 (1936). 
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described the sexual differences in Labeo dero. From the above it is 
abundantly clear that B.Jilamenlosus and B. mahecola cannot be regarded 
as distinct species ; the former name has page priority over the latter. 

Attention may here be directed to the fact that Jerdon^ described* 
this species under three names — Systomus Jllamentosus, S. assimilis and 
S. madraspatensis, and the descriptions show that he must have had 
specimens of different sizes and sexes before him. He also included 
Leuciscus mahecola in his list but had no specimen of the species for exa- 
mination. Day* also described the young of this species as Puntius 
(Capoeta) lepidus, but in his “ Fishes of India ” he included it in the 
synonymy of Barbus muhecola. Sundara Raj® in his account of the 
freshwater fish of Madras listed both the species but remarked as follows 
under B. filamenlosus : 

“ It is very doubtful if the present species is really distinct from 
B. mahecola (C. & V.). Both forms, those with a pair of minute maxillary 
barbels (B. mahecola) and those without them (B. filamentosus), occur 
in Madras and arc identical in all other respects.” 

I have found minute barbels even in the specimens referred by Day 
to mahecola. On account of their small size, however, they arc liable 
to be overlooked sometimes. 

Barbus narayani, sp. nov. 

I). 13/9 ; A. 3/6 ; P. 14 ; V. 9 ; 0. 18. 

Barbus narayani is a small, well-built species in which both the dorsal 
and the vetitral profiles arc greatly arche<l, tin*, former more so than the 
latter. The h(‘ad is short and blunt ; its length is contained about 4 
times in the total length without the caudal. The head is almost as high 
at the occiput as its length, while its width is about two-thirds of the 
length. The depth of the body is contained about 2*5 times in the length 
without the caudal while its width is somewhat less than that of the 
head. The eyes are large and are situated considerably nearer to the 
tip of the snout than to the posterior border of the operculum. The 
diameter of the eye is contained about 2-9 times in the length of the head. 
The snout is shorter than the diameter of the eye while the intcrorbital 
width is almost equal to it. The mouth is small and somewhat oblique. 
The lips are fleshy and continuous ; they are studded with minute spines. 
The labial groove is interrupted in the middle. The barbels are totally 
absent. 

The scales are well developed ; there are about 22 scales along the 
lateral line and 9 rows bet ween the bases of the dorsal and ventral fins, 

4 rows above the lateral lino and 4 rows below it. There are 12 scales 
round the caudal peduncle and 8 before the dorsal fin. The caudal 
peduncle is almost as high as long. 

The dorsal fin commences slightly in advance of the ventral ; its 
commencement is nearer the tip of the snout than the base of the caudal. 
It possesses a feeble and articulated spine which is considerably longer 


^ Jerdon, Madras Journ. Lit. Sci., XV, pp. 318, 319, 322 (1848). 
* Day, Proc. Zool. Soc. London, p. 196 (1868). 

> Sundara Raj, Rcc. Ind. Mus., XII, p. 268 (1916). 
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than the head ; its free border is slightly concave though rounded at the 
top. The pectoral tin is slightly shorter than the head, but it extends 



Text-fi(3. 10. — Lateral view of the type-specimen of Barbus narayani^ sp. nov. x 1 

tx) tJie connuoncement of the ventral fin which is as lon^ as the pectoral. 
The ventrals just reach the anahopening. The anal fin is short. The 
caudal fin is forked. 

Due to a long immersion in a formalin solution the original colour 
has disappeared in the specimens before me ; the general colour at 
present is greyish-brown. Three vertical black marks on the body are 
faintly indicated, the first below the commencement of the dorsal, the 
second below or just behind the dorsal and the third above the posterior 
half of the anal. 

Locality, — Cauvery River, Coorg State. 

Type‘spccimen,~Y Zoological Survey of India [Ind, Mm.)^ 

Calcutta, 

Bemarks, — This small species may be distinguished by the following 
combination of characters : (i) absence of barbels, (ii) smooth, arti- 
culated dorsal ray longer than the head, (iii) complete lateral line ; 
(iv) 22 scales along lateral line and 9 rows between the bases of dorsal 
and ventral fins, and (v) three vertical marks on the body. 

I have great pleasure in associating the name of this species with that 
of Professor C. R. Narayan Rao through whose generosity the Zoolo- 
gical Survey has received a valuable collection from the Cauvery River. 


Measurements 

Total length without caudal 

in 

millimetres. 

460 

47*0 

Length of head .... 



11-5 

11-5 

Width of head .... 



8-0 

8*0 

Height of head at occiput . 



11-3 

11-4 

Depth of body .... 



180 

190 

Width of body .... 



70 

70 

Diameter of eye 



40 

40 

Interorbital width 



4‘0 

4-3 

Length of snout 



3-6 

3-6 

I-iength of dorsal spine 



13-6 

13-6 

Longest ray of anal . 



9*0 

9*0 

Length of pectoral 



110 

110 

Length of caudal peduncle . 



80 

8-0 

Least height of caudal peduncle . 



7*6 

7-6 
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Rasbora caverii (Jerdon). 

1848. Lemiscus Caverii, Jenlon, Madras Journ, Lit. & JSci., XV, p. 820. 

Jerdon’n Leuciscus caverii has not been recognised as a distinct species 
both by Giinthcr^ and Day^, the former listed it among the species in- 
sufficiently descril)ed for their systematic position to b(‘ ascertained 
from the accounts given, while Day included it in the synonymy of 
Rasbora daniconius (Ham.) without any comments. In Professor C. R. 
Narayan Kao’s collection there nni 21 specimens of a specie's of Rasbora, 
which arc abundantly distinct from R. daniconius and R. rasbora, and 
seem to agree with the meagre and inadequate description of LcMciscus 
caverii, which, according to Jerdon, is very comm(3n in the C-auvery and 
all its branches. Jerdon’s description of L. caverii is as follows : — 

“ Hfad hIiouI one-fourth Iciij'th of hotly ; ht'i^ht one-Hflli of leiigtli ; oyo nearly 
ono-fiflh of length of head ; dorsal placed a liltle ht'hintl the niiddle of hack, nearly 
oppoBi'te to anal ; .’10 Hcale.s along I in* sitlc in 7 rov\H I). 0, A. 0 -green above, silvery 
l>eneath ; cheeks goldtai ; a blue stripe from opereiiliini to tail, with a narrow yellow 
one above it ; lateral lino eoiieavc — usually about 8 iiiehes long.” 



Tkxt-kIo. 11. — Lateral view of an adult speeiinen Rasbora canvril (Jerdon). Ap- 
proximately natural size. 


The iibove description ngret'S more purticiiliirly with the. snuiller 
individuals before imq while the proportions, etc., of the adult speci- 
mens are quite different. Jerdon also noted that- - 

” I possess a sketch of another Lmrisrus from the Cauvery of which T liave lost mY 
specimen, which ap[)earH to dilfer from any of these. It is nearly allied to L. Caverii 
in form, but has a much larger eye, and the depre.ssion in the crow n more marked, muzzle 
in front of the depression continuing straight, parallel with the hack; protilo of abdo- 
men good deni arched ; lateral line much eurved. 1 am unable to give the number of 
rays or sealos.” 

In the case of Jerdon it is known that he very often recognised the 
young and adult specimens of a fish as distinct species and the above 
two descriptions seem to refer to the different stages of growth of the 
same species. The description of the dorsal and the ventral profiles as 
also of the lateral line agree with the same features in the adult speci- 
mens before me. 

As to the precise systematic position of Jerdoii’s Leuciscus malabari^ 
cus, and L. flavus, which Day included hi the synonymy of Rasbora 
daniconius along with L. caverii, it is very difficult to express an opinion 
without examining fresh material from the type-localities. 

1 Qunther, Cai. Fish. Brit, Mus., VII, p. 6 (1868). 

a Pay, Fish. India, p. 684 (1877), 
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Rasbora caverii may now be redescribcd as follows 

D. 2/7; A. U ; V. 7 ; C. 19. 

In the adult specimens the dorsal profile is almost straiglit and hori- 
zontal while the ventral profile is greatly arched. In the young indivi- 
duals, however, both the dorsal and the ventral profiles are only slightly 
arched. The head is bluntly pointed ; it is relatively large in young 
individuals, its length being contained from 5*1 to 5*6 times in the total 
length and from 4*2 to 4*6 times in the length without the caudal. The 
width and height of head increase with growth, the former is contained 
from 1*9 to 2*6 times and the latter from 1*4 to 1*8 times in the length 
of the head. The depth of the body is contained about 5 times in the 
total length and from 3*9 to 4*2 tinu's in the length without the caudal. 
The eye is situated entirely in t.ln‘ anterior half of the head ; its diameter 
is contained from 3*5 to 3*0 tim(‘S in the length of the head. The snout 
is somewhat shorter than the diameter of the eye. The interorbital 
space is narrower in the young individuals, being less than the diameter 
of the eye. In adults the space between the orbits is fiat and about 1 J 
times the diameter of the eye. The mouth is small and obliquely 
directed upwards ; the maxilla does not extend to below the anterior 
margin of the orbit. The 1ow(T jaw bears a prominent knob in the 
middle and tliere is a corresponding emargination in the upp(*r jaw. 
The lips are moderately fleshy and continuous ; the post-labial groove 
is interrupted in the middle. The pharyngeal teeth are curved and 
sharp ; they are situated in 3 rows : 4, 3, 2. The barbels are totally 
absent. The gill-membrane is well developed. 

The scales are thin but firmly adherent ; their exposed portions 
arc marked with a large number of radii. The lateral line is complete 
and curved ; there are about 32 perforated scales. The number of 
scales from the upper angle of the gill-opening to the base of the caudal 
is about 30-37. There are 7 series of scales between the bases of the 
dorsal and ventral fins and li to 2 between the lateral line and the base 
of the ventral fin. The number of prcdorsal scales is 10-17, while there 
are 14 scales round the caudal peduncle, which is almost twice as long 
as high. There is a scaly appendage in the axil of the ^ ontral fin. 

The dorsal fin commences considerably behind the commencement 
of the ventral but does not extend over the anal fin. Its longest ray is 
equal to the head behind the middle of the eyes, and its free border is 
rounded ; its commencement is considerably nearer to the base of the 
caudal than to the tip of the snout. Tlie pectorals are small and do 
not extend to the ventrals, which arc separated from the anal-opening 
by a distance equal to three-fourths of their own length. The anal fin 
is small and commences midway between the base of the caudal and the 
commencement of the ventrals. The caudal fin is forked with both the 
lobes pointed ; the lower lobe is longer and better developed than the 
upper. 

The general colour of the spirit specimens before me is olivaceous 
with a faintly marked lateral streak on the sides ; this lateral band is 
more prominent in the posterior half of the body. 

Locality . — Cauvery Kiver, Coorg State, 
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Measurements in millimetres. 


Total length excluding caudal 





540 

710 

790 

Tjength of caudal 





120 

200 

170 

licngth of head 





130 

16-5 

170 

Width of head 





60 

7-5 

8-8 

Height of head at occiput 





7-2 

10-8 

11-6 

Depth of body 





130 

180 

190 

Width of body 





60 

8-6 

100 

Diameter of eye . 





3-7 

4-5 

4-7 

Length of snout . 





3*3 

4-4 

4*3 

Interorbital width 





30 

5-7 

5-8 

Longest rays of dorsal . 





9-8 

140 

120 

Longest ray of anal 





9-2 

110 

no 

Length of pectoral 





9-8 

130 

130 

Length of ventral 





8-0 

no 

n-8 

length of caudal peduncle . 





130 

150 

190 

Least height of caudal peduncle 





70 

8-0 

9*0 



DESCRIPTIONS OF THREE NEW HYDROPHILIDAE FROM INDIA. 

By A. d'Orchymont, Brussels. 

Helocharet (Asraphydnit) ezedis, sp. nov. 

Tyjie : No. the Zoological Survey of India (Indian Museum), 

Calcutta. Bombay Presidency, Poona District, Khandala, alt. ca. 
2,500 feet ; 6-10.iii.1918 ; among damp algae on cliff at edge of water- 
fall (Annandale), cJ, 2x1 mm. 

Paratypes : Nos. , Same locality; same collector; a few 

specimens. 

Distinguished from all previously described Agraphydrus by its 
unpolished, somewhat eroded, nearly unpunctate upper surface. Under 
a very high power, however, it is possible to detect very fine and small 
punctures, separated from one another by about five times their dia- 
meter. The eroded appearance of the upper surface (head, prothorax, 
scutellum and wing cases) is due to an extremely fine, microscopical 
reticulation, which is difficult to see even under the microscope. 

Of an obscure testaceous colour, obscured on the labruni, middle of 
forehead, between the eyes faint and indefinite in places, apparently 
owing to transparency, upon the disc of prothorax, very faintly on the 
disc of elytra. On the head the Y-suture is blackish with a row of 
coarser punctures behind the anterior branches of the Y. Eyes small. 
Antennae 9-jointed, joints 4 and 5 very short. Palpi entirely yellow. 

Anterior and posterior angles of prothorax rounded, posterior ones 
more so ; anterior margin narrower than the posterior, anterior and 
postero-lateral systematic series distinct, composed of moderately coarse 
punctures. 

Elytra not times as long as wide, suture very narrowly blackish, 
systematic series of coarser punctures not well developed but there are 
two basal punctures on each side of scutellum. 

Mentum shining, with some very minute punctures on the side and 
a semi-circular shining excavation in the middle of anterior margin. 
Mesosternum minutely protuberant in the middle before intermediate 
coxae. Emargination of the last ventral segment very shallow and 
wide. All femora except the knees pubescent. Tibiae very spinulose. 
Tarsi yellow. 

Aedeagus at its end V-shaped ; the parameres being widened at 
their apex to an oblique foot-like appendage, which is minutely tooth- 
ed or hooked at its outer and anterior edge ; at their apices the appen- 
dages are rounded. The median lobe is not protruding but embedded 
in between the two parameres, shorter and much narrower, parallel- 
sided and rounded at the apex. 

Pelthydnis similise sp. nov. 

Type : No. In the Zoological Survey of India (Indian Museum), 

Calcutta. Nerbudda Survey, sta. 56, Rewa State, Machrar Nala 

[ 29 ] B 
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tributary at Chapra, 2,625 feet ; March 1927 (H. S. Pruthi) ; 2-6 X 1-3 
mm. 

Paratypes : Nos. Same locality, date, altitude aiMi 

colleetor ; sta. 61, same Survey, the river opposite the camp at Kachra- 
tola, 2,626 feet; March 1927 (H. S. Pruthi); a few. Sta. 38, the 
river about 3 miles (east) from Koilari, Rewa State ; February 1927 
(H. S. Pruthi) ; a single specimen. ‘ ; 

This is the 12th PeUhydrus discovered ; it comes very near vitalisi 
d'Orchymont, being of about the same size (2-5-2-6 mm.), 8-jointed 
antennae, not punctate-seriate elytra, not very small eyes, carinate 
prosternum, in the middle of body not much widened and not of navi- 
cular shape, with also close and coarse punctation on the wing cases. 
The colouration of the upper surface is the same : deep blackish, with 
the disc of prothorax and elytra bordered more widely with clearer 
brown or even yellow. The palpi are uniformly reddish as also the 
feet with only the tibiae more or less infuscate. The anterior side of 
the forehead is widely and more deeply emarginate, as in vitalisi, with 
the outer angles more sharply protruding. The prothorax is moderate- 
ly convex, very distinctly narrowed behind with the posterior margin 
distinctly narrower than the anterior (in vitalisi more convex and nearly 
of same width before and behind). The anterior angles are entirely 
rounded. The sculpture of the prothorax is also somewhat different : 
under a high power the large punctures seem preceded by a much finer 
one which has a tendency to coalesce in the longitudinal direction, so 
that the punctures seem more distinctly geminate than in vitalisi. The 
elytra are more parallel-sided, less attenuate posteriorly and less convex 
than in that species, without the faintest trace of a serial arrangement 
of some of the otherwise nearly as dense and strong punctures. 

On the under side the mesosternal process is not arrow-head shaped 
as in vitalisi, but the longitudinal carina is only limited before by a half 
circular and obscurely raised line. Seen from the side the process is 
not so protuberant before as in vitalisi. The first ventral segment is, 
therefore, less distinctly carinate. 

Beroaut (Enoplunis) faUax, sp. nov. 

Type : No. In the Zoological Survey of India (Indian Museum), 

Calcutta. Nerbudda Survey, Central Provinces, sta. 83 ; small pools 
near the river channel at Mandla ; c?, 4r-9x2 mm. ; November 192T 
(H. S. Pruthi). 

Paratypes : Nos. — . Same locality, date and collector ; 

Same Survey, the Taba tributary at Babai, Central Provinces, 
sta. 103 ; 17th December 1927 ; still water ; 1 (J (H. S. Pruthi) ; the 
river at Hoshangabad (Cent'ral Provinces), sta. 104 ; December 1927, 
1 $ (H. S. Pruthi). 

Nearest to fairmairei but on an average somewhat smaUer and more 
coarsely sculptured, with the elytral striae, especially at base and along 
suture, deeper impressed and the interspaces more densely and more 
coarsely punctured, the sutural angle of elytra of ^ more produced than 
in the 9, the parameres of aedeagus very long, rounded at extrenuty 
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iyety acutely pointed in fairmairei) and the median lobe not abruptly 
'widened at the end, which is coated with dense, very short, microscopical 
setae ; median orifice distal (median lobe in fairrmirei strongly arcuate 
but only in one direction— convexity ventral— the end abruptly widen- 
ed, coated also with very short setae and with median orifice nearly 
distal). 

Upper side of a yellow testaceous colour, very obscurely darkened 
by brown spot-like markings : two on the postfrons, sometimes two 
geminated ones towards the anterior side of prothorax, one along the 
suture of elytra beyond the middle and two others more exterior ones 
before and another behind the sutural one. These elytral markings 
are rather darkenings of a short portion of the 2nd to 4th, 7th to 9th 
and 5th to 7th striae. 

Head and prothorax more densely and more regularly punctured 
than in fairmairei^ otherwise very similar in general form and disposi- 
tion. Each ^ytral puncture of interstices bears a short yellow procum- 
bent hair. Exterior spine long and slender, a trifle more so than in 
fairmairei. 

Mesosternum with a low median elevated carina. Metasterual 
median process triangular and advanced towards posterior coxae and 
deeply unifoveolate below. First ventral segment obscurely carinate 
at base. Fifth abdominal segment with a wide and very shallow 
emargination, not toothed at the bottom, inconspicuously more abrupt 
at the sides as in fairmairei. Claws of tarsi long as in that species. 

(J. Anterior tarsi tetramerous, the basal joints enlarged, elytral 
interspaces not reticulate between punctures. Fifth ventral segment 
with a shallow emargination as remarked above, nearly 4 or 5 times 
as wide as deep. 

$. Anterior tarsi pentamerous, basal joints not enlarged, elytral 
interspaces very distinctly reticulate, 5th abdominal segment not 
•emarginate at the end but widely and inconspicuously truncate at the 
•end, the truncate portion being nearly twice as wide as the emargina- 
tion of (J. 






COLEOPTERA PALPICORNIA FROM THE KHEWRA GORGE. 
SALT RANGE. PUNJAB. 

By A. d'Orchymont, Brussels. 

Some time back I received from Dr. H. S. Pruthi some Coleoptera 
Falpicornia collected by him and Dr. S. L. Hora of the Zoological Survey 
of India during a survey of the Khewra Gorge, Salt Range, Punjab. 
According to Dr. Pruthi there is a small stream at the Khewra Gorge, 
the water of which is fresh three miles above the Khewra village, but 
gradually becomes saline nearer the village. It is a stream only during 
and just after the rainy season, and for the most part of the year it 
consists of only a chain of pools, more or less connected with one an- 
other, in some cases by under-ground water channels. As noted above, 
the salinity increases on approaching the Khewra village and near the 
village itself is more than twice that of the sea^. Of course under such 
uncertain conditions the salinity must be very variable according to 
the period of the year at which investigations arc carried out. 

The stations from where Palpicornia were submitted to me are the 
following ; the numbers of the stations follow the course of the stream 
upwards : 

Sta. 2 ; 12.X.1930 Stream about a quarter mile beyond station 1. 
Salinity : 91*273. Species collected : Ochthebius Jlummeus, sp. nov., 
0. explanatuSy sp. nov., Enochrus {Lumetus) sinuatus, sp. nov., Berosus 
(s. str.) nigriceps (F.), and B. insolitus, sp. nov. 

Sta. 3 ; 13.x. 1930. A couple of hundred yards beyond station 2 
and near the first sharp turning of stream. Salinity : 42*357. Species 
collected : Enochrus (iMmetus) sinuatus, sp. nov., Berosus nigriceps (F.) 

Sta. 4 ; 13.X.1930. A small highly saline streamlet flowing on the 
side of station 3. Salinity : 143*889 Species collected : Enochrus 
{Lumetus) sinuatus, sp. nov., Berosus nigriceps (F.), Berosus insolitus, 
sp. nov. 

Sta. 5 ; 9.iv.l931. A large deep pool in the course of the stream at 
the turning about 50 yards beyond stations 3 and 4. Salinity : not 
indicated (fresh water ?). Species collected : Laccobius gracilis Mots., 
Enochrus (Lumetus) sinuatus, sp. nov., Sternolophus rujipes (F.), Berosus 
(5. str.) nigriceps (F.) 

Sta. 7 ; 31.iii.l931. A large pool in the course of the stream between 
stations 6 and 8. Salinity : 6*366. Species collected : Laccobius 
gracilis Mots., sinuatus d’Orchymont, Helochares (Agraphydrus) stag^ 
nalis, sp. nov., Sternolophus rujipes (F.) 


^ H. S. Pruthi — ** An Ecological Study of the Fauna of the Khewra Qorge and 
some other Salt Waters in the Sedt Range, Punjab ** Eec. Ind. Mus., XXXV, pp. 87- 
119, with one text-figure (1933). 

^Some of the lands bear the date 30.X.1930. 

4 times as much as the salinity of the Indian Ocean. 

[ 33 1 


f 



34 


Records of the Indian Museum, [ VoL. XXXIX> 

Sta. 9 ; 10.iv.l931. A scries of small pools and rapids in the couwe 
of the stream, 50 yards beyond station 8. Salinity : 1'979. Species 
collected : Coelostoma horni (R^gimbart). . ’ 

Sta. 10 ; 2.iv.l931. A small pool in the course of the stream near 
the place where the water-pipe crosses the stream. Salinity : 0*608. 
Species collected : Enochrus (Methydrus) tetrasjnlus (R6gimbart). 

Of the eleven species represented in the collection, five are new to 
science. Some of them {Ochthdnus flumineus and 0. explanatus, Eno- 
chrus sinuatus and Berosus insolitus) appear as if they were at least 
halophilous, if not halobiont, although the third (Enochrus sinuatus) 
was also collected at station 5, where the salinity seems to have been 
so low, on the 9th of April 1931, as to be not worth recording. At 
stations 2 to 5 with these four species specimens of Berosus nigriceps 
(F.) were also collected ; this species is widely distributed throughout 
India. In spite of Knisch’s statement in his catalogue, it is specifically 
distinct from the cafrarian punctulatus of Boheman. Most of the 
species studied are rather of a Palacarctic character, but Coelostoma 
horni and Sternolophus rufipes are certainly Indo-Malayan. The sub- 
genus Ilelochares (Agraphydrus) has an extensive range of distribution, 
from tropical Asia over Sumatra, Java and Bali as far as Madagascar 
and even continental East Africa. 

The table on the opposite page shows the exact localities from 
which the various species were collected. 

OchtheUus (Hymenodes) flumineus, sp. nov. 

Type : No. Indian Museum ; ; Station 2 ; 12.X.1930 ; 

2x0*8 mm. 

Paratypes : Nos. Same locality and date (Station 

2) ; few specimens. 

This new species can be distinguished from the closely allied species 
(difficilis Mulsant, schneidcri Kuwert, aeneocupreus J. Sahlberg) by its 
smaller prothorax as compared with the hind body, by the labrum being 
conspicuously notched in the middle of its anterior margin, by the elytra 
of the ? gradually and widely expanded behind the shoulders to nearly 
the sutural angle, the expanded margin having its greatest width just 
before the middle. The aedeagus differs from that of aeneocupreus 
by the extremity of the median lobe being much more smaller and less 
widely spatuUform. 

Upper side black with a cupreous or purpuraceous hue and fine 
recumbent hairs. Palpi and legs testaceous brown, with the extremity 
of 5th joint of tarsi somewhat infuscate. Forehead shining, sparsely 
and finely punctate, the clypeal suture transversely deepened in the 
middle. Space between the inter-ocular foveae and before the posterior 
one also shining, sparsely and finely punctate. Labrum notched in the 
middle but not very deeply. 

Sclerified portion of prothorax irregularly hexagonal, much more 
narrowed towards the base than towards the apex, lateral angulation 
being on the first third ; behind this angulation the sides are not serrate 
and nearly straight or but little curved inwards to the posterior angles, 
and bordered with a pellucid narrow membrane. The fore side is also 
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bordered with such a narrow membrane, and is only faintly emarginat- 
ed behind the normally convex eyes ; the anterior angles do not pro- 
ject forwards. Immediately behind these angles the lateral border had 
3-4 very small tooth-like asperities. The disc is shining and sparsely 
punctured but more strongly than on the head. There is a deep and 
narrow median furrow, on each side of this furrow are the lateral foveae, 
the anterior ones somewhat smaller and shorter than the posterior, and 
the lateral ear-like projections of the disc arc very finely reticulate- 
granulate. 

Elytra wider at the base than at the base of prothorax, widest a 
little beyond the middle, separately rounded at the extremity. They 
are provided with ten regular not striated rows of moderately impress- 
ed and not very large punctures. The interspaces of rows are wider 
than the punctures, and wider also than the space separating two suc- 
ceeding punctures of the same row. Out of each puncture a recumbent 
hair arises, and as a result the pubescence of elytra appears to be arrang- 
ed in regular distanced rows. The external, not serrate but entire 
border, seen from above is not expanded in the males, but is widely so 
in the females, as described above. One of the females has its elytra 
particularly widened. 

The pygidium protrudes somewhat in both sexes, between the median 
emargination at the sutural angle of elytra. 

Ochthebius (Hymenodes) explanatus, sp. nov. 

Type : No. Indian Museum ; (J ; Station 2 ; r2.x.l930 ; 

1*47 X 0-6 mm. 

Paratypes : Nos. ; same locahty and date (Sta- 

tion 2) : numerous specimens. 

The 9 has its elytra expanded as in females of Jlumineus, but the 
latter species is larger, much more shining, without reticulation upon 
the elevated parts of the disc of the head and prothorax. 

Also the aedeagus is different : in explanutus the terminal mobile 
piece is only gradually and not greatly, more or less triangularly widen- 
ed at the extermity, while in Jlumineus it is abruptly widened at the 
end into a more or less rounded spatuliform flattened plate. 

0. explanatus by its long legs and widened elytra, especially in the 
$, recalls somewhat the subgenus Dory ochthebius, but the anterior angles 
of the prothorax do not protrude forwards like finger-like processes and 
the anterior border near those angles is not emarginate behind the eyes 
(deeply excised in Doryochthebius). 0. andraei Breit (Mesopotamia : 
Hit) and rejlexus Sahlberg (Transcaspia : Mulla Kara) differ by their 
size (2 mm.) and in other particulars, vide their descriptions. 

Of a black colour with greenish metallic hue, the legs and palpi, 
with the exception of their last joint which is clear yellowish, of a brown- 
ish colour. Head and prothorax even on the elevated parts are micros- 
copically reticulated. The labrum is somewhat deeper notched in the 
middle as in Jlumincus, The clypeal suture is transversely depened 
in the middle and the posterior fovea of head is much smaller than the 
two interocular ones. 
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Prothorax narrower behind than in front, but with no conspicuous 
angulation on the sides. The sclerified disc is widest in the anterior 
third, wider here than the head with the eyes, with the anterior angles 
completely rounded and provided with some very small tooth-like 
asperities, gradually attenuated in the two last thirds with the lateral 
borders nearly straight or only feebly arcuated inwards, not serrate. 
A delicate and narrow membrane is to be observed along the anterior 
and posterior borders and along the hind lateral attenuation. Median 
longitudinal groove not very narrow, with the two foveae on each side 
of this groove — ^the anterior smaller than the posterior — ^rather shallow 
and still more reticulated. The same may be said of the lateral ear- 
like expansions. 

Elytra much wider at the base than the base of the prothorax, having 
their greatest width beyond the middle. At the extremity they are 
separately rounded, leaving a small common emargination on the sutural 
angles. No serration at the sides. They are covered with ten not so 
conspicuously separated rows of punctures as in Jlumineus, the punctures 
are also nearer to one another, more shallow and not so well defined. 
Interspaces are also less wide. The superficial pubescence is less con- 
spicuous than in the allied species. The females with their more de- 
pressed, shield-like elytra, and widened more or less brownish more 
expanded lateral margins look very peculiar. 

Seen from above the pygidium is somewhat protruding between the 
sutural angles of the elytra. 

Coelostoma homi (R^gimbart). 

; Station 9; 10.iv.l931. The aedeagus of ^ has been com- 
pared. Described from Ceylon but recorded also from continental 
India and even, but very sparingly, from tropical Africa. 

Laccobius (s. str.) gracilis Motschulsky. 

(Syn. L. orienkdia Knisch). 

A few specimens, (JeJ and $$, from Station 6 (9.iv.l931) and Station 7 
(31.iii.l931). A typical Palacarctic species. 

Laccobius (s. str.) nmulans d'Orchymont. 

A single ? from Station 7 {31.iii.l931). Described from Yunnan 
and North India. 

Helocbares (Agrapbydnis) stagnali^ sp. nov. 

Type: No. Indian Museum; Station 7 ; 31.iii.l931 ; 2*4 x 

1*2 mm. 

Paratypes : Nos. Same locality and date (Station 7) ; 

both sexes. 

This Agraphydrm has distinctly 9-jointed antennae. It differs 
from all the described species, except kempi d'Orchymont, by its more 
parallel-sided, narrower and more elongate shape ; from coomani 
d^Orchymont by the preocular spots smaller, the almost entirely obscure 
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prothorax, narrowly bordered at the sides by a band of a testaceous 
colour, by the more slender median lobe of the aedeagus, by the more 
broadly truncate extremity of parameres (attenuate and more narrowed 
at the end in coomani ) ; from hempi by the larger, less elongate shape, the 
less dense punctation of the head, the more rounded posterior angles 
of prothorax, the less strong, less dense, nearly obsolete punctation of 
wing cases ; from orientalis d'Orchymont by the not reticulate forehead 
which is distinctly but finely punctured, of the same type as on the 
postfrons, by the prothorax more obscure, less broadly margined by 
testaceous colour at the sides, a trifle more strongly punctured, by 
the median lobe of aedeagus which is very slender, elongated, cylindrical 
(wide, flattened and nearly truncate at the end in orientalis ) ; from 
pauoulus Knisch by the less obscure elytra, the finer and more sparse 
punctation of head, prothorax and especially of the wing cases ; from 
punctatellus Regirnbart by the different colouration (eyespots not so 
large, prothorax more obscure, etc.), find l)y the parameres of aedeagus 
more broadly truncate at the end, their outer margin nearly straight, 
not rounded ; finally from pygmaeus Knisch l)y the much finer puncta- 
tion of the upper side, especially of the wing cases, and by the much less 
obscure colouration. 

Head, including labrum, and prothorax shining black, with small 
preocular testaceous spots and the protliorax at the laterarsides not 
widely bordered with the same colour. Wing cases more brown, narrow- 
ly bordered with testaceous at the sides and th(‘, suture very narrowly 
black. Entire palpi and tarsi ycdlow. Punctation very fine and of the 
•same form on fore- and hind head, nearly of the same shape and density 
on the protliorax, vcLy much more obsolete on the wing cases. On 
these the two coarse punctures on each side of the scutellum are easily 
observed ; the inner series of coarser punctures are very sparsely fur- 
nished, the inner one not so widely separated from its basal puncture 
as the second ; the third series has also only a few widely separated 
punctures ; the outer one (4th) has more punctures and reaches nearly 
the base of wing cases. 

Mentum with an anterior rounded eniargination, with some coarse 
punctures and oblique ridges at the sides. Emargination of 5th ventral 
segment minute and not very distinct. ^ 

Enochrua (Lumetus) ainuatus, sp. nov. 

Type : No. Indian Museum. Station 5 ; 9.iv.l931 ; ^ ; 

4-6 X 2*2 mm. 

Paratypes: Nos. ■» Same locality and date: a few ; 

Station 2: 12.X.1930 : ; Stations 3 and 4: 13.X.1930: 

A halophilous Enochrus representing in the Salt Range our common 
also halophilous bicolor Fabricius. It is at once distinguished from that 
species by the very obsolete sculpture of the upper surface, by the (in 
both sexes) deep black labrum and by the bordered lateral margin of 
elytra which is not regularly rounded in its second half, but distinctly 
curved in and then again curved out on its third fourth, more so in 
several females than in males. The portion of elytra just near the lateral 
margin is distinctly turned up. Both sexes are of the same colour; 
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yellow testaceous with the exception of the black labrum, a variable 
transverse anterior blackish spot on the forehead, joined to the equally 
obscured Y-suture by a longitudinal obscure band, four black punctures 
on the disc of prothorax and an obscure humeral spot. The elytra are 
ordinarily more or less tinged with clear brown. Palpi, including the 
last and pseudo-basal joints, entirely yellow ; antennae of the same 
colour, the club (joints 7-9) more obscure ; legs testaceous, only the 
base of femora and the claws obscured. 

From fragilis Sharp and fretus d‘Orchymont it is distinguished at 
a glance by the much larger claws, the different and more testaceous 
colouration, the reduced sculpture of the upper surface, reduction of 
femoral hydrofugal pubescence, the aedeagus otherwise built, etc. 

Upper side oily shining, head not very densely and finely punctulate, 
with some larger punctures behind labrum and along the transversal 
suture. Palpi not very long, nevertheless longer than the head and 
with the last joint much shorter than the foregoing. Eyes of moderate 
size, not very convex. 

Prothorax on the disc still more finely punctulate than the head, 
with antero-cxternal and postero-lateral systematic punctures of same 
form as on the head. 

Scutellum and front side of elytra finely bordered with black. Elytra 
highly polished, with very obsolete punctation, so that the two inner 
irregular rows of larger systematic punctures, though not much larger 
than on the prothorax, are more conspicuous ; along the lateral margin 
there are also such punctures but irregularly placed. On the disc one 
can count 9 series and the beginning of a juxta-scutellar supplementary 
short series of black, not closely placed punctures, which are only seen 
by transparence. 

Under side black , raentum shining, in the ground with some punc- 
tures of medium strength. Prosternum not carinate, not toothed on 
the middle of its anterior margin. Mesothorax with a roof-like carinate 
protuberance anteriorly very minutely toothed. Fifth (last) ventral 
segment without ciliated emargination. Basal half of anterior and 
median femora infuscate and pubescent ; only basal third of posterior 
femora pubescent and more or less infuscate. Claws very large ; inner 
and outer claws of ^ identical, all tarsi hooked and minutely lobbed 
at base. Claws of $ not hooked, somewhat longer than in obscurely 
toothed at base. Onychium in both sexes much shorter than the claws. 

Median lobe of aedeagus parallel-sided, band-like as in fragilis, but 
less short with more protruding terminal dorsal strut. Parameres 
longer than the median lobe. 

Enochnis (Methydrus) tetratpilus (R4gimbart). 

One specimen ; Station 10 ; 2.iv.l931 ; salinity only 0*608. Not 
halophilous. 

Sternolophus (s. str.) rufipes (Fabricius). 

One specimen : Station s : 9.iv.l931 ; another : Station 7 : 31.iii.l931, 
fSot halophilous. 
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B«rotiu (t. ttr.) nigiic^ (Fabiicius, 1801). 

Berotus aeneiceps Motschulsky, 1861 (Ceylon). 

? ParaberosuB mdanocephalua Kuwert, 1890 (Arabia). 

? Paraberosus nigriceps Kuwert, 1890 (Persia, Mesopotamia). 

Berosua immaeulicoUia Fairmaire, 1892 (Obock). 

Stations : 2 (12.X.1930), 3 (13.X.1930), 4 (13.X.1930) and 5 (14.X.1930) ; 
several and Species described from “ India orientalis Not 
halophilous. 

Berosus (t. ttr.) intolitu^ sp. nov. 

Type : No. Indian Museum. Station 4 ; 13.X.1930 ; ^ ; 

4x1*9 mm. 

Paratypes : Nos. — . Same locality and date ; Station 2 ; 
12.X.1930 ; a few and 

This species stands unique among the European and Asiatic species 
of Berosus and can readily be distinguished by the elytra which in both 
sexes are unispinose at the sutural angle. In both sexes the elytra are 
also much widened beyond the middle. 



Beroaua (a, atr,) inaolitua, sp. nov. x 10. 


Upper side including palpi, antennae and legs of a general yellow 
colour, only head with labrum and base of mandibles black and metallic, 
of a green and purple hue ; the apex of mandibles more or less reddishi 
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the prothorax and elytra here and there only very faintly infuscated, 
the punctures of elytral series each surrounded by infuscation. 

Head with Y-suture very conspicuous, placed in a depression, the 
disc (fore- and hind head) covered with not very closely placed and 
rather coarse and deep punctures. Eyes globose and prominent. 
Vertex (after the postfronto-vertical suture) obscure, shining and with- 
out punctation. Last joint of maxillary palpi very faintly obscured 
round the apex. 

Prothorax distinctly wider than long, fringed with long hairs on the 
lateral sides which in the middle are gently curved in, distinctly narrow- 
ed behind ; the anterior angles much rounded, the posterior also but 
less and more obtuse ; anterior and posterior margin curved out, the 
former towards the head, the latter towards the scutelliim ; disc with 
rather fine punctures in the middle, coarser and denser at the sides where 
they are not all of one size. 

Scutellum more or less obscure. Elytra, in both sexes, very con- 
spicuously inflated at the sides, the inflation having its maximum in 
the middle ; they are divaricate at the apex and each sutural angle is 
prolonged into a triangular and acute expansion or tooth. The ten 
normal and the eleventh shortened (juxta-scutellar) series arc composed 
of punctures of moderate strength, nearly three times smaller as the 
intervals are wide. These interspaces are flat, more shining in the 
obscurely alutaceous in the $. The rather long juxta-scutellar scries 
of punctures is often individually irregular. 

Claws in both sexes long. In the the second joint of anterior tarsi 
is much inflated. 

Mesosternum with a very obscure raised longitudinal line in the 
middle. Metasternum in the middle before the hind coxae with a small 
and ovate excavation. First ventral segment with a longitudinal 
median and basal carina. Fifth segment in both sexes without emargina- 
tion. 


G 




NOTES ON FISHES IN THE INDIAN MUSEUM. 
XXIX.— On a Collection of Fisir from Nepal. 


By Sunder Lal Hora, D.Sc., F,NJ., Assistmit Snperintendeni, 

Zoological Survey of India , Calcutta. 


Nepal is generally regarded as a closed country to travellers and 
it is no wonder, therefore, that very little is known about its fauna. The 
lack of knowledge about the ichthyology of the Nepal Himalayas is a 
great handicap in any discussion concerning the geographical distribu- 
tion of fishes that have been recorded from the eastern and the western 
parts of this great mountain chain. In 1907, Regan^ reported on a 
small collection of fish obtained from Nepal and recorded the following 
species : — 


1. OreinuH richardsonii Gray 

2. DiptychuA annnndalei Regan 

3. Saccorbravchus fossilis (Bloch) 

4. Kuchiloglania blythii (Day) , 

5. OphiorephdluA punctatvs Bloch 


. Sooiidrijal hillrt above 

Katinandn. 

. Pharping (Katmandu 
Valley). 

. Katmandu. 

. Pharping. 

. Pharping, 


In 1923, I* pointed out that the Nepal specimens referred by Regan 
to Euchiloglanis blythii (Day) did not belong to that species and had 
to be referred to a new species which I designated as Glyptosternum 
hodgarti. This species is fairly common in the rivers below Darjiling 
and in the hill ranges of Assam. In 1931, Mukerji® discussed the generic 
position of Diptychus amiandalei and came to a tentative conclusion 
that it should be referred to the genus Schizothorax or, if the absence 
of scales turns out to be a constant feature of the adults, to a new genus 
intermediate between Schizothorax and Diptychus. 

From the beginning of 1935 Colonel F. M. Bailey, Resident at the 
British Legation, Nepal, has at my request sent four lots of fish from 
the Nepal territory and these form the subject matter of this note. 
Though no new species of fish is represented in this valuable collection, 
I have been enabled to extend the range of the remarkable genus Semi* 
pl^us Bleeker which had hitherto been recorded from Burma, the Assam 
lulls and the Darjiling Himalayas and to record variation in colour in 
the case of Barilius vayra Ham. The occurrence of Labeo dyocheilus 
(McClelland) is also of some interest as the species had hitherto been 
knoira from the Assam hills on the one hand and Hardwar and Simla 
on the other. 

K specimens belonging to 22 species were sent by Col. Bailey, 

TOt those from Devighat were not in a good condition to be preserved. 
The remaining specimens have been incorporated in the collection of 


1 

f 


R^n, JB«c. Ind, Mm., I, p. 157 (1907). 

Hora, Mm., XXV, p. 38 (1923). 

Mokerji, lUc. Ind. Mm., XX&n, p. 63 (1931). 
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the Zoological Survey of India (Indian Museum). I take this oppor- 
tunity to offer my sincerest thanks to Col. F. M. Bailey for his kindness 
in collecting fishes from this interesting area and presenting the same 
to the Zoological Survey. 

The entire material is listed below according to the localities : 


Devighat (Lat. 50^ Long. 85^ 2 days march west of Katmandu (April, 1935). 

1. Barilius vagra Ham. . . . . .14 specimens. 

2. Cro88ochilu8 laiiu8 (Ham.) .... 1 specimen. 

3. Barbu8 sp. (juvenile) 3 specimens. 

Hulohok (on Gandak Kiver near Lat. 28"* 15', Long. 84° 60'), 2,600 ft. (10.viii.l936). 

1. OreinuH richard8on\i Gray .... 8 specimens. 


Mangning (about Lat. 28° 10', Long. 85° 10'), 5,000 ft. (13.viii.l935). 
1. Oreinu8 richard8onii Gray .... 6 specimens. 

Nagarkot, (Lat. 27° 40', Long. 85° 30') 6,500 ft. (20.ix.l936). 

1. 0re%nu8 richardsonii Gray . . . .14 specimens. 

2. Nemachilu8 rupicola var. inglrn Hora . . 5 specimens. 

Sundarwal (Central Nepal), 5,500 ft. (20.ix.l935). 

1. 0reinu8 sp. (juvenile) .... 6 specimens. 

Katmandu, 4,500 ft. (29.ix.1935). 

1. Ophicephalu8 punciatu8 Bloch . . .37 specimens. 


Tribeni (Lat. 27° 26', Long. 83° 66'), Nepal Terai 

1. Chela baicala (Ham.) 

2. Laubuca laubuca (Ham.) 

3. Bariliu8 bendelieis (Ham.) . 

4. Barilitt8 tileo Ham. .... 

5. Bariliua ahacra Ham. 

6. Barilina vagra Ham 

7. Barilina {Opaaritia) bola Ham. 

8. Aapidoparia jaya (Ham.) . . . 

9. Aapidoparia morar (Ham.) 

10. Labeo dero (Ham.) .... 

11. Croaaochilua iatiua (Ham.) . . , 

12. Barbva pvtitora (Ham.) 

13. Nemachilua acaturigina (MtClell.) 

14. Ailia coila (Ham.) .... 
16. Clvpiaoma garua (Ham.) 

16. Xenentodon cancila (Ham.) 


1 specimen. 

5 specimens, 

9 specimens. 

3 specimens. 

6 specimens. 
1 specimen. 

4 specimens. 

6 specimens. 
1 specimen. 

7 specimens. 
1 specimen. 

1 specimen. 

10 specimens. 

2 specimens. 
4 specimens. 


Nepal Terai, near Tribeni (February, 1936). 

1. Labeo dero (Ham.) 

2. Labeo dyocheilva (McClell.) . 

3. Semiploiua aetniplolva (McClell.) 


1 specimen. 
1 specimen. 
1 specimen. 


Barilius vagra Hamilton. 

In 1872, Day^ described Barilius modestus from the Indus in Sind 
and the Ravi River at Lahore. So far as can be judged from its descrip- 
tion, he distinguished it from the common B. vagra Ham. by the 
absence of tlie vertical colour bars. I have examined a typical specimen 
of the species in the collection of the Indian Museum and have compared 
it with specimens of 5. vagra. There are no morphological features 
on which the two species can be recognised from each other. In Col. 
Bailey’s collection there are 5 specimens from Tribeni which I have 
referred to B. vagra ; they lack any colour markings on the body, except 
that the dorsal surface is grayish and strongly marked off from the silvery 
sides. The examination of these specimens has convinced me that Day’s 
ft wode^fwir only a colour variant of B. vagra and not a distinct species: 


' Day, Jaum, Aa, 8oc, Bengal, p. 4 (1872) ; Fish, India, p. 589, pi. cli, fig. 3 (1878). 
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To facilitate reference in future I give below a table of measurements 
of the Nepalese specimens : 


Measur^nents in millimetres. 


Total length 


a 

690 

670 

690 

84-0 

92*5 

Length of caudal . 



100 

13-6 

13*6 

180 

21*3 

Length of head 


P 

110 

130 

130 

14‘3 

16*6 

Height of head 



7*0 

8*6 

8*8 

100 

11*3 

^idthofhead 



5*0 

60 

60 

70 

8*0 

Diameter of eye . 



30 

3-5 

3*9 

40 

4*6 

Interorbital width 



3*3 

3-3 

40 

4*3 

6*0 

Length of snout . 



30 

3-8 

3*8 

3*8 

4*0 

Height of body 



100 

120 

11-3 

14*0 

16*8 

Width of body . 



60 

60 

60 

6*3 

7*0 

Length of caudal peduncle 



70 

80 

80 

8*0 

8*6 

Least height of caudal peduncle 


60 

60 

6-6 

7*0 

7*6 

Longest ray of dorsal 

. 


90 

100 

100 

11*6 

14*0 

Longest ray of anal 

. 


8-0 

8-6 

8*6 

8*6 

120 

Length of pectoral 

• 


9*6 

100 

100 

13*0 

13*4 


Labeo dyocheilus (McClelland). 

Recently V pointed out the distinguishing features of Labeo dyo- 
cheilus and showed the characters in which it differs from Labeo dero 
(Ham.). At the same time it was indicated that the collection of the 
Indian Museum contained only 4 specimens of this species — 1 from Simla, 
1 from Hardwar and 2 from Assam. The addition of one more specimen 
to the collection from an intermediate region is, therefore, of great value. 

Semiplotus semiplotut (McClelland). 

Semiplotus semiplotus was described by McClelland^ from Assam 
and placed in the genus Cyprinus with only one other Indian species 
Catla catla (Ham.). Bleeker^ proposed a new genus Semiplotus for it 
and this he defined as follows, presumably without examining any speci- 
men of the species : 

“ Rostrum integrum lateribus non lobatum. Maxilla superior non 
protractilis. Ossa nasalia et suborbitalia cum maxilla superiors coalita. 
Labia continua nec crenata nec fimbriata. Cirri nulli. Pinna dorsalis 
elongata spina edentula armata, supra analem desinens. Squamae 
magnae.” 

Giinther* recognised Bleeker’s genus without any emendation, but 
he had only one bad skin for examination. In 1870, Day® described 
another species — S. modestus — in this genus from the hill-ranges of 
Akyab and remarked : 

“ This species appeals intermediate between the genera Semiplotus 
and Cyprinion ; for it nearly agrees with the former in the slight motion 


iHora, Rec. Ind. Mus., XXXVIII, p. 320 (1936). 

* McCleUaad, A*. Re*. (Ind. Cyprinidae), XIX, pp. 274, 346, pi. zxxrii, fig. 2 (1839), 
•Sleeker, AU. lehth., Ill, p. 26 (1863). 

* Gfinther, Oat. Fi*h. Brit. Mu*., VII, p. 204 (1868). 

•Day, Proe. Zool, 8oc. London, p. 101 (1870). 
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of the upper jaw, absence of barbels, etc., whilst it likewise resembles 
the latter in having a serrated dorsal spine, although it has no bony 
edge to the lips or barbels.*’ 

Chaudhuri^ described a third species of Semiplotus — >S. cirrhosus — 
from very young specimens and distinguished it from the other two 
species by the possession of two small maxillary barbels and by the 
absence of a knob at tlie symphysis of the lower jaw. Col. Bailey’s 
specimen from Nepal was identified as Semiploliis semiplotus but was 
found to possess two small maxillary barbels in the groove at the corner 
of the mouth. This led me to examine other specimens of the species 
in the collection of the Indian Museum and in every case the maxillary 
barbels were found to l)e present. In young individuals they are rela- 
tively much longer and project outside the groove whereas in half-grown 
and adult specinnuis they are more or less concealed, but it is not very 
difficult to make them out. .Similar barbels are also present in Day’s 
S. modesius. It is clear, tlierefore, that the presence of small, maxillary 
barbels is a constant featiu*e of the genus. I am of opinion that 
Chaudhuri’s unicjue specimen of S. cirrhosus is only a young of 
S, semiplotus. Day’s species with the serrated dorsal spine is, however, 
quite distinct. 

^ ChaiiUhuri, hid. Mus.^ XVI, p. 280 




ON THE HABITAT AND HABITS OF TROCHUS NILOTICUS 
LINN. IN THE ANDAMAN SEAS. 


ByE. Srinivasa Rao, D,Sc,y Assistant Superintendent, Zoological 
Survey of India, Calcutta. 

(Plate I.) 

Trochus niloticus Linn., one of the largest species among the Tro- 
chidac, has a fairly wide distribution in the Indo-Pacific seas. Its 
range extends from Ceylon, Mergiii and the Andamans and Nicobars 
to Samoa in a west to east direction, and from the coasts of Queensland 
and Western Australia through New Caledonia, Philippine and Fiji 
islands to Lu Chu islands in Japan in a south to north direction.^ It 
probably also occurs in the Laccadive islands in the Arabian sea but the 
shells found there have not been identified as T. niloticus} 

Before proceeding to describe the habits of T. niloticus it is important 
to consider whether amongst the large populations of Trochus in the 
Andaman waters there are not forms, varieties, and species resembling 
Trochus niloticus in form, shape, colouration, and sculpture of the shell. 
On the same beds with T. niloticus occur commonly T. pyramis Born 
(=T. obeliscus Gmelin) and T, macxdaius Linn, which are easily dis- 
tinguished from T. niloticus by the general outline, colour and sculpture 
of the shell. There are, however, certain forms of shells amongst T. 
niloticus differing slightly in their outline, convexity of the base and 
whorls of the shell, thickness, disposition of the last whorl in relation 
to the penultimate and other whorls, colour, pattern, and sculpture. 
In the very large series of full-grown T. niloticus shells from various 
localities in the Andamans and Nicobars which I have been able to 
examine, there were two common types of shell (pi. I, figs. 11 and 
12) (1) the broad, short-spired shell with the outlines of the last whorl 
curved and its periphery thickened, and with convex base, and (2) the 
regularly conical, long-spired shell with the outlines of the whorls more 
or less straight and its base flat. A third and rather uncommon type 
(pi. I, fig. 13) resembling the second in general facies but with a dis- 
tinct broad, somewhat convex ridge along the periphery of the base of 
the last whorl seems also to occur, but only one example of this type 
was found in several thousands of shells examined. Also among young 
shells with a diameter upto 5 centimetres the first two types of shell 
occur, but with a number of intermediate forms which grade impercep- 
tibly one into the other ; and in very young shells below 3 cms. in dia- 
meter the outlines of the whorls are masked by the peripheral hollow 
spinous processes on the suture. The regularly conical straight-sided 
type seems, however, to prevail amongst the very young shells. That 
the differentiation in shell-outlines was not a manifestation of sex differ- 
ences was ascertained by examining the gonads of a large number of 
adult shells of the two types. The proportions of the two types of 

1 Hedlcy (1917). 

* Bamaswami Ayyangar (1922). 
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shells in large samples of collections from various localities differed 
widely, sometimes one type predominating over the other in numbers, 
von Martens (1867) was of the opinion that types 1 and 2 were distinct 
species, namely, T. niloticus Linn, and T. maximus Koch, and that the 
Indian Ocean was the common home of both the species. While the 
latter statement inclined Pilsbry (1889) to agree with von Martens, 
the very slight differences in shell form or sculpture led him to express 
the opinion that T. maximus was an arrested and primitive form of T, 
niloticus resembling an immature specimen of the latter in its “ conic 
form, flat lirate base and sculptured spire but retaining these cha- 
racters in the adult stage. The differences in the environment,^ and 
the changes in shell-form as a result of growth would seem to account 
for the occurrence of the various types of shell. Moorhouse (1933) found 
that in the Low Isles on the Queensland coast, retarded growth in shells 
of T. niloticus was characterised by ‘‘ an extremely thick shell which is 
correspondingly heavier than a shell of the same diameter taken from an 
area of normal growth, as, for instance, from the outer surf-beaten zone 
of the reef ”, and by “ a curved base, for all shell found on the outer 
edge of the reef are flat-based ”. In the course of my observations on 
growth of T. niloticus in the Andamans over a period of about three 
years, I had the opportunity to observe the changes in tin*, form of the 
shell of a certain number of marked shells. These changes were usually 
associated with the exaggeration of the curvature of the sides of the last 
two or three whorls and of the base of the shell brought about, pre- 
sumably, by the increased deposition of shell -substance in the region of 
the growing parts of tlie last whorl. In shells above 10 cms. in diameter 
these changes are more marked than in those of smaller dimensions.^ It 
would appear that changes in shell-form n\ay partly represent changes 
due to senescence {vide infra, p. 69). The proportion of the height 
of the shell to the maximum diann‘ter seems also to undergo a change 
with the growth of the shell. In random samples of shells above 7 cms. 
in diameter collected from the same locality, it was observed that the 
difference between the height and the maximum diameter showed a 
tendency to increase with the size of the shell. Kussell (1909) showed 
for Paielhi vulcfata that changes in the ratios of dimensions of the shell 
during growth were merely “ the expre,ssion of the laws of growth, and 
not due to natural selection ”. It, therefore, seems probable that in 
the Andaman waters, at any rate, the various forms of TrocJius 7 iilofieus 
represent either plastic phases of this species or changes in shape and 
outline of the shell due to diflVrences in the rate of growth at various 
ages. 

Although TrocJius niloticus has been commercially exploited for over 
35 years, very little is known of its habitat and habits. It lives amidst 
coral reefs and under rocky ledges covered with growths of green and 
brown algae from between tide-marks to depths upto 12 fathoms.® In 

^ Japanese divers who are lieensod to fish Trochvs in the Andaman seas have 
informed ino that flat-hased shells are more eommon in the Nieobar Islands than in the 
Andaman Islands. 

* Moorhouse (1932) observed tlmt in Low Isles only shells above 8 ems. in diameter 
had their last whorl expanded. 

® See Wa^on (1886) where T. 7iitoticv8 is reported to have been dredged in 12 fathoms 
pff Levuka, Fiji. 
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the Andaman sea it is most abundant on the reefs in the inshore waters, 
not more than half to one mile from the rocky or sandy shore of most 
of the islands comprising the Andaman and Nicobar groups. The depth 
of the sea-floor in the reef area ^ round the islands is usually between 
1 to 5 fathoms, but rarely exceeds 7 fathoms. The Japanese Fishery 
Companies of Singapore which have been licensed to fish Trochus 
shells in the Andamans and Nicobars since 1929 employ Japanese naked 
divers for the purpose who are brought over to the Andamans every year 
in their own motor boats. The divers, with their simple but efficient 
hand-made water-goggles well-adjusted to their nose-bridge and eyes 
by elastic rubber-tubing secured to the outer ends of the goggles, swim 
at the surface looking down on the sea-floor, and as soon as a shell or 
group of shells has been sighted, dive down and bring them up J Where 
the bottom is covered with large masses of Madreporarian coral with 
overhanging ledges which cast deep shadows and render the finding of 
shells from the surface of the sea rather difficult, the divers swim near 
the bottom passing in and out amongst the meandering narrow corridors 
and lanes at the bottom, examining the crevices and the under-surface 
of ledges for specimens of Trochus. 

At the commencement of the Trochus^mhery in October 1929 when 
the beds were virgin ground, it was comparatively easy to pick up shells 
in very shallow water. The results of the Fishery at the end of 3 
months showed that approximately 500 tons of shells had been gathered 
from what, presumably, were overstocked shell-beds. After 3 seasons 
of fishing, the shell-populations in the shallower regions between 3 to 5 
fathoms were so greatly diminished in numbers that the Japanese had 
to extend their operations to the fishing grounds at depths of 7 fathoms. 
It appears that naked diving would be impossible at depths exceeding 
7 fathoms, and the Japanese were soon driven to the necessity of apply- 
ing for licenses for the use of diving apparatus. Actually, however, no 
diving apparatus was employed, presumably because of the difficulty of 
securing the services of special divers at Singapore for the purpose. 
The Japanese assert that there is still an abundant shell-population in 
depths beyond 7 fathoms, from which ay)parently the shallowin' regions 
are replenished from time to time. Tlowever, continued fishing for 
Trochus since 1929 has reduced quantities of shell fished from 500 tons 
to less than 40 tons in a fishing season, although the period of fishing 
has been doubled. There is no doubt that the shell-population has 
suffered considerable depletion, as may be seen from the fact that the 
rate of collection per diver per hour has fallen from over 20 in 1933 to 
2-3 in 1935. 

Moorhouse’s (1932, p. 147) observation that despite a tendency for 
zoning of the animals in the Low Isles there was a frequent mixing of 
forms of various sizes does not appear to be quite in accord with mine 
in the vicinity of Port Blair. The young forms below 5 cms. in diameter 
appear to be rather scarce in depths between 2 and 7 fathoms^ as the 

^ For a more detailed account of the JapanefK) Fishing methods, boats, equipment 
etc., see Setna (1932). 

* It is quite possible that the young forms occur in greaUT abundance at depths 
beyond 7 fathoms and creep gradually into shallower waters, but no evidence of such 
occurrence in the Andamans has been obtained. 


i3 
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Japanese divers in the Andamans testify, but amongst the coral shingle 
and under coral slabs between spring tides they are usually found at all 
times of the year. The type of locality in which they commonly occur 
is shown in fig. 1, pi. of the present note and in fig. 1, pi. xiv (Rao, 
1936). The older forms above 5 cms. generally occur below the low- 
water mark of spring and neap tides. 

Moorhouse (1932) also observed that T. niloticus was gregarious in 
the Low Isles of the Great Barrier Reef, as many as 15 individuals having 
been taken from one slab or boulder of coral on several occasions. My 
observations on the reefs round the Andaman and Nicobar groups of 
islands with the help of a water-glass, while the Japanese divers were 
working in those areas, showed that the individuals of the shell popu- 
lation on the reefs were greatly scattered, and that in consequence the 
divers were unable to obtain more than 2 or 3, or at the most, 5 shells 
a chosen spot on the reef. Tliis may have been due to 
the fact that the shell-beds were, at the time of my investigation, more 
or less depleted of their normal stock of shells l)y heavy and continuous 
fishing. On one occasion, however, in Octol)er 1932, looking for shells 
in a small bay south of the South Corbyn’s Cove, Port Blair, 36 speci- 
mens ranging from Sd) cms. to 12*5 cms. in diameter were picked up 
either singly or in twos and threes in an area 10 yards square. Some of 
timm woTG attached to the under surface of rocks, others to coral shingle, 
while a few were crawling on coarse coral sand in crevices under stones. 
A few were found on wet ground some distance below the high-water 
lowest tide on this day w%as 0‘2 feet at 4-42 p.m. and the 
highest 6*5 feet at 10-38 a.m. (T. S. T.). The congregation of such a 
large number of individuals in a small area between tide-marks is no 
doubt exceptional, and may have resulted from the action of strong 
currents or some adverse weather conditions. But in comparison with 
other species of Gastnipods such as Nerita polita, N. aUncolhi, N. cha- 
me 0 , Acmnea sacchanna var strlJaris, and Littorina scahra which are 
found m large numbers in the Andaman and Nicobar Islands on rocks 
between tide-marks, Trochus niJotiem cannot be said to be really gre- 
garious. On several occasions when marked shells were on purpose 
rnassec together round boulders under which there were adequate shelter 
am a mndant food in the form of growdhs of algae, the individuals were 
oum to have scatteriHl within a fortnight to considerable distances from 
cir original shelter. The tendency to wander about seems to be a 
ea ur^ of this species which, therefore, does not admit of its being 
classed among the strictly gregarious species of Gastropods. 

r niloticus does not seem to thrive under artificial conditions 

^ ^ if • Attempts to keep the animals alive in glass aquaria 

m which sea water was coiivstantly kept circulated after renewal every- 
day proved a complete failure.^ The longest period for which a speci- 
men w^as kept alive in the aquarium was 5 days, during 3 out of which 
the animal was in a semi-comatose condition ; but usually individuals 
did not survive the conditions in laboratory acpiaria after 48 hours, 


flea ^ than the aquaria wore constantly filled with fresh 

liWora^Pr^? m led through rubber tubing into the aquaria. There were no faci- 
I at 1 ort niair for a higher grade of aeration than more renewal of sea-water, 
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some dying even within 24 hours. The very high degree of aeration 
which is maintained on the reefs is extremely difficult to imitate under 
the artificial conditions of the laboratory.^ During the first three or 
four hours of immersion in aquaria T. niloticus crawls about on the small 
stones and shingle placed at the bottom, but in a partially expanded 
state in which the head and tentacles of the animal are barely visible 
(pi. I, fig. 2). The mouth is, however, closely applied to the surface 
of the stone on which it crawls in the act of browsing on the algae and 
the vegetable and mineral debris which constitute its food. After thid 
period, the feeding activities of the animal cease altogetlicr, but the foot 
and the columellar muscles continue to expand and contract giving the 
shell a partial rotary motion with the columellar muscles as the fulcrum. 
The cpipodial lobe which in conjunction with the mantle forms the siphon 
for the intake of the respiratory current is observed to be mobile. After 
6-8 horns in the aquarium, the animal is overcome by a state of torpor 
which is maintained unless disturbed. The renewed activity following 
any disturbance is, however, for a very short period, and the animal 
falls into a comatose condition again. During tlxc first few hours of 
activity the animal feeds and defaecates constantly, leaving pellets of 
faecal matter to 1 inch long in its trail. Later, it stops feeding but 
continues to throw out faecal pellets a little longer. Finally it with- 
draws itself into the shell, but with the movements of the cpipodial 
siphon continued until the animal is actually in a comatose state. The 
animals seem to survive suspension in the sea for several hours or days 
even though they are crowded in a net bag and deprived of food.^ They 
are also able to survive dessication for a little over 48 hours. On several 
occasions it was found convenient to transport live animals from distant 
beds to Port Blair by carrying them in a dry state. When e.xposed to 
the sun and wind on the open deck of the Japanese fishing boats, the live 
animals do not withdraw themselves into the shell and remain inactive, 
but protrude the whole or part of the foot gradually and withdraw it 
with such suddenness and force as to eject jets of sea- water from within 
the shell to a distance of 3 to 5 feet. This movement of the animal goes 
on at short intervals until the water contained in the whorls of the shell 
and in the tissues is dried up when the animal becomes inactive and 
finally dies. Some of the animals which had ceased their movements 
two days after their removal from the reefs were revived on immersion 
in the sea, and observed to grow. 

It is difficult to observe the details of movements of the animals in 
their natural haunts between tide-marks. The quick succession of 
waves which dash against the coral boulders renders continuous obser- 
vation impossible. At depths of about one or two fathoms the animals 
can be observed with the help of a water-glass^ from a small boat 


* Stephen^n (p. 491, 1923-25), Moorhouso (p. 147, 1932), and Weymouth (p. 9, 1923) 
ave ODserved that in tho case of Halioiis tuberculaia, Trochus niloticus, and Tivela stul^ 
um r^pectively ordinary laboratory conditions in aquaria aro unsuitable for keeping 
them ahve m captivity. 

- * animals have been observed to browse on the algae crowing on the shells 
Of other animals confined in the bag. © & > 

, ^ * A P^®on<lal trumpet-shaped wooden structure with plate-glass fixed to the 
nroader side acting as the window. 
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anchored at the place of observation, but the details of their movements 
except when they are crawling on the vertical sides of a coral mass are 
obscured. Sometimes an individual may be seen crawling on a rock 
projecting above the surface of the water and bathed by the spray from 
the waves. 

Although T, nihticus is extremely slow in its movements, it moves 
about a great deal in search of food and shelter. In exposed positions 
between tide-marks it is rarely found, but is common in holes and cre- 
vices amidst or under rocks and coral masses where algae grow in abun- 
dance. In the course of observations on growth of marked individuals 
(Rao, 1936) considerable difficulty was experienced in recovering them 
every month from the reefs, as with every cl)b and flow of the tides they 
seemed to crawl slowly backwards and forwards. The younger indivi- 
duals below 5 cms. in diameter arc far more active, and move about a 
great deal more than the older ones above this size. Except in places 
protected against strong currents and waves by natural barriers provided 
by large masses of coral rock or by artificial piers, the recovery of the 
smaller animals was extremely difficult, and instances of marked shells 
recovered after an interval of 3 or 4 months were not uncommon. These 
observations show that T. niloticus wanders about a great deal, assisted 
by tides in searcli of food and shelter. It seems, however,* improbable 
that it travels long stretches of the sea-bottom, particularly those bet- 
wetm two distant islands, devoid of continuous reefs. In the Andaman 
and Nicobar Islands, subject to the rough weather of the south-west 
and the north-cast monsoons, the species is found along the east and 
west coasts of these islands, but where the coasts are protected from the 
effects of the monsoons by large inlets of the sea and hills in the path 
of the monsoons the species is rather rare. The islands of the Nicobar 
group which receive a heavier rainfall than those of the Andaman group 
have a relatively denser population of T, niloticus. Even after six 
continuous years of fishing tlie Nicobars are still the more prolific area 
than the Andamans, and have yielded a bigger tonnage of shells. As 
has been observed by Moorhouse (1932, pp. 146-147) in the Low Isles, 
the species avoids sandy and muddy places along the coasts. 

The difficulties of observing the habits of this animal both in its 
natural haunts and when kept in captivity in aquaria have been ex- 
plained above. On one occasion (8-1-35) while searching for examples 
of small size on a wide stretch of coral shingle in Murdakliari Bay, Port 
Blair (pi. T, fig. 1) a specimen was found crawling slowly on a branch 
of coral covered with growths of algae, and on observing with a magni- 
fying lens was found to be feeding. The contractions and movements 
of the foot are extremely slow and suggest those seen in slow-motion 
films.^ The respiratory siphon, which is partially closed while in water, 
seems to open out when the animal is removed from water so that the 
pallial cavity is in communication with the outside atmosphere. The 
proboscis-like part of the head which is mobile is extended slowly down- 
wards over the front part of the foot to the surface on which the animal 


^ Robert, A. (1903) deBoribod the uudulatory movemontB of the integumeut of the 
foot in Trochua, 
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crawls until the aperture of the mouth is closely applied to it. 
Moorhouse's observation that a small, very short, and non-retractile 
muzzle is present is not in accord with mine. Then the parts 
surrounding the aperture are presumably depressed to form a 
shallow cup in which a partial vacuum may be formed. The contrac- 
tions of the integument round the aperture and the adjoining parts 
suggest the formation of a partial vacuum. All the particles of sand 
and disintegrated coral, and the minute growths of algae on the branch 
of coral are presumably sucked into the buccal cavity. At the same 
time the radular teeth appear to assist in rooting out the algal filaments 
from their attachment. At brief intervals the proboscis-like part of 
the head is removed from the surface of the coral on which the animal 
crawls, and on tlie slightest disturbance in its vicinity, is withdrawn 
into the shell, followed by the foot, the two sides of whicli fold along the 
median line. Examination of the gut contents of a large number of 
individuals of Trochus niloiicus from various localities shows that brown 
and green algae, chiefly the minute species, form part of its food. As 
the animal feeds by scraping the rocks and coral masses on which it lives, 
the contents of the gut include a large proportion of inorganic and organic 
debris, and a variety of organisms which live amidst the algal vegeta- 
tion. Thus, in the course of the examination of the gut-contents, 
remains of small Crustacea such as Copepods, Ostracods and Isopods, 
tests of Foramiuifera and Itadiolaria, spicules of Sponges and Alcyo- 
naria, fragments of Hydroid colonies, small Polychaete worms. Nema- 
todes, small Molluscs (soft parts as well as shells), Fycnogonids, Insect- 
larvae (Chironomidac) and demersal eggs of flsh have been found in 
addition to bunches or fragments of leaf-like or filamentous algae includ- 
ing young and immature forms of Ulm, PoUjsiphonia, Chaclomorjdiay 
Turbmaria, Hypnea^ Lynghia^ N comer is ^ etc.^ The commonest alga 
found in the gut of T. niloiicus was a Ilypnca sp., pink in colour. Accord- 
ing to Yonges’s (1928) classilication of the feeding mechanisms in the 
Invertebrates, T. niloticus should belong to his section B of group 11 in 
which the feeding mechanism is intcndi*,d for scraping and dealing with 
large particles or masses, but judging from the contents of the gut, 1\ 
niloticus y Avhich seems to swallow large (juantities of bottom deposits 
also, may therefore be included in liis siiction A as well. In the rectal 
portion of the hind-gut, in addition to the inorganic debris in the faecal 
matter algae in a more or less undigested state are also found. The 
anterior loop of the rectum contains a soft muddy mass including a few 
algal filaments and inorganic matter, while the posterior loop contains 
a somewhat friable mass of debris consisting of large grains of sand and 
other inorganic material, bunches of undigested algae, and the hard 
remains of Foraminifera, Sponges, Hy droids, Crustacea, and Mollusca. 
This fact coupled with that of the absence of food material in the oeso- 
phageal part of the fore-gut seems to indicate that the passage of the 
food through the entire gut is fairly rapid and that digestion is only 
partial. In some specimens dissected soon after capture the stomach 


^ I have to thank my friend, Prof. M. 0. P. Iyengar, Director of the University, 
Botanical Itaboratory, Madras, for the identification of the algae. 
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was found to be empty, while the loops of the hind-gut were full of 
partially digested matter. The weight of the stomach-contents includ- 
ing the algae and the inorganic and organic debris is very small in pro- 
portion to the weight of the entire animal excluding the shell. In fresh 
specimens of Trochus niloticus examined, the weight of the algae alone 
(separated from the debris) was 6-10 per cent, of the weight of the stomach 
contents while the organic and inorganic debris constituted over 90 per 
cent, of the total weight. The weight of the entire animal (including 
a large quantity of sea- water in the tissues and amongst the internal 
organs) was 32 times the weight of the contents of the stomach, while 
that of the shell (usually varying from 3 to 14 ounces) was 2*25 times 






XaxT-Fia. l.-~Haduiar teeth oi individuals of Trochus niloticus with shell-diamotor 


o. 1-74 oms. ; 6. 2-32 oms. ; e. 3-27 oms. ; d. 4-30 cms. ; e. 5 00 oms 

S'Jto a sid'e. ^Ughtly 


the weight of the animal. It would appear that T. niloticus extracts 
Its nourishment mainly from the bottom deposits consisting of organic 
and morganic material but supplements it with nutriment derived 
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from an inconsiderable proportion of vegetable matter.^ This species 
may therefore be classed as a “ selective deposit-feeder ”.2 Although 
species of Trochus are known to be herbivorous and selective deposit- 
feeders, they occasionally seem to adopt carnivorous habits. Robert 
(1903, p. 10) recorded that in an aquarium at Roscoff in whicli Trochus 
conuloides and two specimens of Palmipes rnembranaceus L. Agassiz 
(slightly injured by the fishing gear) were kept, the forimT had attacked 
and devoured the latter in about two days. 

The nature of the food of Trochus niloticus and the manner of feeding 
involve a considerable wear and tear of the radular teeth, and the very 
long radular sac and rib})on seem to meet the constant need for replacing 
the worn out teeth. The features of the radular teeth of T. nilolicus arc 
figured by Troschel (1879), but his figures seem to represent those of a 
much worn series. The marginals, however, seem to be from a different 
row in that the main cusp and the denticulations arc fairly sharp and 
well-defined. In the series of camera lucida drawings of radular teeth 
(text-figs. 1 and 2) (central, 2nd and 5th laterals, and the marginal) from 
approximately the middle region of the ribbon of individuals with shell 
of diameter 1*74 cms. to 11*14 cms., the features of the radula are shown. 
The proportions in dimension between the cusps and the basal part 
remain the same except for slight individual variations. In older indivi- 
duals there is a tendency for the cusps of the central to become blunt, 
and for the reduction in the number of small cusps on the marginals. 
The radular sac is bifid in its terminal portion as in T. lineatus 
(Da costa), T. magus (Linn.) and the other species of the sub-genus 
Gibbula^ and the radular teeth resemble in structure those of T. linealus 
{vide Randles, 1905), the first marginal not being different in size and 
structure from the rest of the marginals. 

It is a well-known fact that the sexes are separate in Trochus nilo- 
ticuSf but no feature in the external form of the shell or in the visible 
soft parts of the animal when extended gives a clue to the sex of an 
individual. The differences in the curvature of the whorls and the basal 
part and in the thickness of the shell met with in the three types of shell- 
form mentioned above (p, 47) led me to examine the gonads of 
several individuals belonging to the three types, but no correlation 
between sex and type of shell was found to exist, that is to say, all three 
types of shell had male and female elements, thereby establishing that 
the sex of a given individual cannot be determined at a glance by examin- 
ing its external features. Moorhouse (1932, p. 146) found no difference 
in shell-form in the two sexes. Amirthalingam (1932, pp. 72-73) 
claimed, however, that the outlines of the cavities inside the shell of over 
7 cms. diameter as revealed by longitudinal sections “ passing through 
the extreme end of the suture of the outer lip to the bodywhorl and the 
columella showed significant differences in the two sexes. In the 


^ Several specimens of Turbo marmoraius from the Andamans showed that their 
feeding habits were similar to those of Trochus niloticus, 

* Hunt (1925) in the course of his study of the food of the bottom fauna of the Ply. 
mouth Fishing grounds found that Turritelln communis and Aporrhais pes-pelicanis 
(among the various Gastropods present) had roughly sorted bottom material in their 
stomach. 
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determination of tlie sex of a shell at a glance his claim, if confirmed, 
will have little practical application. No accessory organs indicative 



Tbxt-FIO. 2.— Radular toeth of individuals of Trochus niloticus with shell-diameter 
above 6 0 oms. and bedow 12 0 cms. (The entire teeth have not been drawn in all 
oases owing to the high magnification). 


a. 6-70 cms. ; b. 7-29 cms. ; c. 8-72 cms. ; d. 9-69 cms. ; g. 10-12 cms. ; /. H U cms. 
cc. central ; I*, second lateral ; 1*. filth lateral ; m. marginal. 
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of sex are present in the animal, but when the latter is extracted from 
the shell, or the spire of the shell is broken exposing the visceral coil, 
the colour of the gonads in sexually mature individuals, which is dark- 
green in the female, white or cream in the male, helps in the identifica- 
tion of sex. In immature individuals the portion of the visceral coil 
representing the gonad is of a more or less uniform gray colour which 
renders identification of sex difficult, but examination under the micros- 
cope of the contents of the gonad either in fresh smears or in sections 
usually reveals spermatozoa or oocytes in various stages of develop- 
ment. In examples with a shell diameter of less than 3 cms. in wliich 
the gonads are still in an undifferentiated state even microscopic exami- 
nation may often fail to reveal the sex (see text-fig. 6, p. 63). 
Moorhousc (1932, p. 153) in stating that “ in no case were sperm and eggs 
found together ” apparently expected to find sex-change in 1\ niloticuSy 
at any rate, in moderately young Trochus. From an examination of a 
large number of microtome sections of the gonads of botli sex('s of all 
ages, I consider that no sex-change is probable, although as Moorhousc 
suggests the matter requires further examination. A practicable 
method of examining the sex-products at different stages of tlie growth 
of individuals witliout causing material injury to the animal may help 
to solve the question of sex-change in 1\ niloticus. At a point three or 
four whorls below the apex of the shell a tiny hole was made on a few 
shells with the help of a drill, and the sex-products drawn into a hypo- 
dermic syringe through a small puncture in the integument of the gonad 
were examined on a slide. The specimens thus punctured w^ue returned 
to the sea, but were recovered dead after a few weeks, A second attempt 
to examine sex-products by this method resulted again in the death 
of the animals under observation. A satisfactory method of closing 
hermetically the puncture in the shell after a sample of the sex-products 
has been drawn would perhaps eliminate the chance of death of the 
animals. In the course of the examination of the gonads of several 
hundred examples of T. niloticus, there was no single instan(;e in which 
sex could not be determined in microtome sections of the gonad of 
examples with a shell-diameter exceeding 3 cms., and no case of herma- 
phroditism comparable to that of Fatella vulgata (see Orton, 1928, pp. 
853-857) was observed in Trochus niloticus. Even in the former species 
instances of hermaphroditism appear to be the exception rather than 
the rule. 

Samples of T, niloticus having a shell-diameter above 5 cms. from 
various localities in the Andamans from which smears of the gonads 
were examined microscopically showed that those having a shell- 
diameter under 7*0 cms. were usually immature, and that the sexes, 
were present in almost equal numbers. Shells having a diameter of 
7‘0 cms. and above were therefore considered adult. The records of 
the frequency distribution of shells of various adult size- or age-groups 
of both sexes from various localities in the Andamans lend support to 
the view that the proportions of males and females are about equal. 
For the purpose of the investigation of sex-ratio in T. niloticus, the 
records of sizes and sexes of shells collected from two separate groups of 
islands in the Andamans were selected for study. Dr. K. C. K. E. Eaja 
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to whom I am indebted for the statistical treatment of the records, has 
kindly furnished the following note : — 


Ritchie^s Archipelago. 

A sample of 806 shells of T. niloticus was obtained. Of these 309 
were picked up at random and were examined for sex giving the follow- 
ing frequency distributions : — 

Ago. 

(Size in centiinctros.) 

7— 7*99 . 

8— 8-99 . 

9— 9-99 . 

10— ] 0-99 . 

11— 11-99 . 

155 154 


Frc(j uency. 
Male. Female. 

42 40 

04 67 

25 30 

14 10 

10 11 


Taking these two samples of 155 and 154 shells as random samples, 
X®=l-086 

N=4, P lies between 0‘8 and 0*9. 

Hence there is no reason to assume that the numbers of males and 
females at each size- or age-group are difTeront from each other. 

The same problem may l)e approached from another point of view. 
We have a larger sample of 806 shells and the assumption that the sexes 
are equally represented may be tested by comparing the actuals for 
males and females given above with the expected nujiibers at each ago 
period, if the totals of 155 and 154 are distributed in the proportions 
given by the sample of 806. 


Age. Male. Female. 


(Size in centimetres.) 

Observed. 

Expected, 

Observed. 

Expected 

7— 7-99 

, 

. 

42 

39-61 

40 

39-36 

8— 8-99 

. 

. 

64 

70-58 

67 

70-12 

9— 9-99 

. 

. 

. 25 

25-77 

30 

25-60 

10-10-99 

• 

. 

14 

13-46 

16 

13-37 

11—11-99 

. 

. 

10 

6-68 

11 

5-55 


Males . — iN — 4, P lies between 0*5 and 0*3. 

Females. — N=4, P lies between 0-1 and 0-05, 

Hence, in both cases, no significant difference between the expected and 
observed distributions has been made out. 


Cinque^ Passage, Sister, Brother and Little Andaman Islands. 

In the case of these islands a larger sample of 2,031 shells was avail- 
able. From this sample a smaller sample of 363 was taken at random 
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and an examination for the sexes was carried out. The distributions 


are given below : — 








Age. 






Male. 

Female. 

7— 7-99 . 

. 

. 

. 

• 

. 

17 

21 

8— 8-99 . 

. 

. 

. 

. 

. 

36 

30 

9-- 9-99 . 

. 

. 

. 

. 

. 

33 

40 

10—10-99 . 

. 

. 

. 

. 

. 

30 

41 

11—11-99 . 

. 

. 

• 

. 

. 

30 

27 

12 and over 

• 

• 

• 

• 

• 

25 

33 







171 

192 


For the sake of comparability of these figures witli those for Ritchie’s 
Archipelago, we leave out the last group (12 and over). A comparison 
between these two distributions shows tliat there is no significant 
difference. 

^2==2*952, N=4, P lies between 0*7 and 0*6. 

Further, a comparison between the observed and expected fre* 
quencies on the proportions given at each age by the large sample of 2,031 
also brings out that there is no significant difference in the case of both 
sexes. 

Males . — x^=l‘596, N=4, P lies between 0*9 and 0*8. 

Females. — N=4, P lies between 0*0.5 and 0*02. 

The last result suggests that the difference between the two distri- 
butions is just emerging into significance. Taking all the tests into con- 
sideration it may be said that males and females appear to be present 
in about equal numbers at the respective ages. It may be remembered 
that we have confined ourselves to the ages represemted by the sizes 
from 7 — 7'99 to 11 — 11-99. At the later age groups the divergence 
between the sexes seems to be significant. 

In the two samples the bulk of the shells fell into these groups. In 
both, shells below 7-0 cms. do not come into consideration, as the sex 
elements are immature at this stage. Above 11*99 cms., there were 
in the first sample only 0*25 per cent, shells and in the second only 9-80 
per cent. The samples represent almost complete collections of the 
shells in two separate areas and they may bo taken to be representative 
samples of the adult population of T. niloticus of these islands. On the 
information afforded by tluise san\ples the inference is that, within the 
age groups indicated, males and females may be present in about equal 
numbers. 

The conclusions of Moorhouse in regard to the sex-ratio of T. niloticus 
in the Low Isles are thus corroborated by my own observations in the 
Andamans. 

The correlation between age and size in Trochus niloticus as indicated 
by the maximum diameter of the shell has been referred to in a previous 
paper (Rao, 1936). The determination of the criterion for maturity in 
both sexes, and of the minimum size or youngest age at which sucli 
maturity is reached must precede that of the breeding period. After 
examining the smears of the sex elements of a large series of examples of 
all ages from different localities, it was decided that the presence of active 
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spermatozoa in the male and the size of ova with a diameter bet- 
ween 0>20 and 0-25 mm. (excluding the pitted gelatinous outer cover- 



Tkxt-fio. 3. — Vortical longitudinal scctiona of ovary from Hpcciniens of TroeJms niloticua 

(collctdcd in various months) with shcll-diamctcr ranging botwiam 9 0 cms. and 

12T) eins. 

a, 12-25 cms. (March) ; h. 11-72 cms. (January) ; c. 10-38 cms. (Novt-mber) ; d. 9*93 
cms. (November) ; e. 9-02 c’lis. (franiiary). (Drawn under low power and eye- 
piece X 10). 

br. blood-vessel ; r. d. gl. cells of the digestive gland ; c. i. cellular inclusions tinted 
blue by Mallory’s stain : c, /. connective tissue ; o. v. d. cavity of the tubule of the diges- 
tive gland ; d. gl. <ligestivo gland ; d. p. dnrk'pigim'ut ; e. v. m. epitluJium of visceral mass ; 
g. c. globular or cubical mucus cells of the inU-gument ; y. a. coelomic space between the 
gonadial layer t>( the. epitheliutu of the. visceral mass and the. digestive gland ; i. integu- 
ment : i. VI. irregular mas.scs in cells of the digestive gland which take a deep blue tint 
in Mallory's stain ; ni. muscles of the integument ; n. nucleus of oocytes ; o. ova fully 
developed ; o. c. oocytes ; o. g. spherical inclusions (with granules) which stain olive- 
brown or olivc-green in Mallo’'y 's stain ; p. m. pitted membrane ; s. d. gl. gonadial surface 
of the digestive gland ; a. t. branching trabeculae of the oocloiuic epithelium (lying 
between the integument and the connective tissue of the digestive gland) with developing 
oocytes ; t, d. gl. tubules of the digestive gland ; t. a. t r-uisparcnt spherical inclusions with 
olive-yellow granules. 

ing) in the female should be the criteria for sexual maturity. In the 
latter sex the presence of developing oocytes with a diameter ranging 
from 0*05 to 0*20 mm. rendered the determination of sexual maturity 
somewhat difficult. It was, however, found later that the development 
of a pitted membrane round the ova roughly coincided with their matu- 
jity, and that in sexually mature females of all sizes there was always 



1937.] H. S. Rao : Habitat and Habits of TrocJius niloticus. 


61 


a varying number of oocytoa also. For the purposes of a rough and 
ready method of determining the state of maturity of females smears in 
which a majority of the number of ova had a diameter exceeding 
0*20 mm. were taken as samples representing mature females, and those 
in which the majority of ova had diameter above 0*05 mm. and below 
0*20 mm. were treated as samples representing immature females. 



Text-fig. 4. — ^Vertical longitudinal sections of ovary from sperimens of Trochus niloticus 
(colleotod in various months) with shell-diameter ranging between 6 0 enis. and 8*5 
cms. 

a. 8*11 cms. (February) ; 6. 7-25 cms. (January) ; c. 6*87 ems. (February) ; d, and c. 
(from different regions of the section) 6-52 cms. (February). 

a. to c. drawn under low-power and eye-picce x 10, d, & e. drawn under high power 
and eye-piece x 10. For explanation of lettering see under Text-fig. 3, p. 60. 

In Table I (see p. 75) the number of individuals with ova and/or 
oocytes of the three categories of dimensions, and the total number of 
shells from each locality examined are shown at the bottom. The 
percentage frequency of individuals of each size or age-group under 
each of the three categories of ova-size is shown in the vertical columns 
of the table. A careful scrutiny of this table would show that in all the 
localities, 95 — 100 per cent, of the individuals with a shell-diameter above 
10*00 cms. have a majority of fully mature ova, while over 50 — 90 per 
cent, of the individuals with a shell-diameter of 9 — 9*99 cms. have a majo- 
rity of mature ova. In the individuals of the age-groups with a diameter 
below 9 cms. the percentage frequency of individuals with mature 
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is reduced to an average of about 33. The examination of the condition 
of the gonads in a large scries of females of all age or size-groups as 
revealed by microtome sections also brings out the fact that individuals 
with the shell-diameter below 9*0 cms. have as a rule the gonad in the 
form of an arborescent racemose gland (Text-fig. 4) while those with the 
shell-diameter above 9*0 cms. have a relatively large majority of mature 
ova covered with a pitted gelatinous membrane and arranged in the 
form of a honey-comb (Text-fig. 3). The proliferation of oocytes on the 
branching trabeculae of the coelomic epithelium which lie between the 
integument and the connective tissue of the digestive gland seems to be 
an invariable feature of the gonads in individuals with a shell-diameter 
exceeding 9*0 cms. The text-figures (3 to 6) illustrate clearly what has 



TKXT-FfO. 5. — Vortical longitudinal sections of ovary from spccimons of Trochm niloticus 
(collected in various months) with shell-diameter ranging between S-fi cms. and 
5-7 cms. 

a. r)-70 cms. (Dc'combor) ; drawn under low power and cyo-piece x 10 ; h. same 
as a. but with the portion of the section marked a. t. and o. c. enlarged and drawn 
under high power ; c. 4*47 tuns. (Deeember) drawn un»)er low power and eye- piece 
X 10 ; d. same as c. but w'ith the portion of the section marked /a., o. c., and b. v. 
enlarged ami drawn under high power ; e, .‘hoo cms. (January) drawn under low power 
and eye-piece X 10 ; /. same as e but from a different portion of the section and 
drawn under high power. 

For explanation of lettering see under Text- fig. 3» p. 60. 


been said aliovc. The inference that in the Andaman waters the female 
of Trochus niloticus becomes sexually mature when it has attained a 
shell-diameter of 9*0 cms., which as stated in my previous paper (Rao, 
1936, p. 482) will be in its third year of life, seems to be justified. 
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Although no detailed observations on the maturity of the male of T. nilo- 
ticus were made, it was found that individuals with a shell-diameter of 
6 — 7 cms. had generally mature or active sperms in their gonad. The 
age at maturity of Trochxts nilotiais does not appear to be uniform in 
all the regions in which the species has been studied. Montague (1915) 
concluded from his observations in New Caledonia that individuals of 
T. niloticiis with shell-diameter above 8*5 ciiiS. (about 3 years old) were 
mature, while Moorhouse (1932, pp. 154-155) basing his observations on 
Trochus mloticus of the Low Isles came to the conclusion that they were 
mature in their second year of life when the sliell-diaineter was generally 
between 5*00 — 6-25 cms. Moorhouse found that a few female specimens 
between 4*40 and 5*00 cms. in shell-diameter were also sexually mature. 
The range of shell-size for sexual maturity among males was according 
to him between 5*61 and 7*22 cms. in diameter. The results of my 
observations are more in accord with those of Montague. Whether the 
diflferences in the age at maturity in the three areas have anything to do 
with the differences in the environmental conditions such as tempera- 
ture, food, salinity, etc., cannot be stated without further observations^. 
Orton (1922, pp. 351-353) giv(‘S several instances of the attainment of 
sexual maturity at a very early age under suitable temperature condi- 
tions, and points out that size or age at maturity will depend on the 
duration of growth and breeding, and that in favourable brc'cding condi- 
tions development of the gonads at an early stage of growth takes prece- 
dence over mere increase in size. The comparatively early attainment 
of maturity by T. xiiloticus in the Low Isles is presumably to be attri- 
buted to favourable temperature or other conditions which in the case 
of New Caledonia and the Andamans seem to be lacking, or as Moor- 



Tbxt-fig. (). — Vertical transverse sections of the digestive gland of spociraons of Trochus 
niloticus (collected in July) with sholl-dlamoUir ranging between li-5 eras, and 3-5 cms. 
The sections indicate no trace of the ovary in the space between the integument 
and the digestive gland. 

a 3-17 eras, (drawn under low power and eye-piece X 10) ; h, a portion of the same 
^®cUon drawn un<ler high power, c. 2*73 cms. (drawn under high power and eye-piece 

For explanation of lettering see uiidcT Text-fig. 3, p. 60. 

house himself surmised, the occurrence of maturity in small-sized shells 
may indicate a retardation in the growth of the shell. 

^ The recent works of Ncwcombe (1936). and of Newcombe and Kessler (1936), on the 
relationship of growth and environn.ent in the dam, Mya armaria Linn, deal with these 
q^uestions in some detail. 

K 
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The rate of growth at different ages has been dealt with in a previous 
paper (Rao, loc. cit.). Despite the fact that shcll-grovd;h is very irregular 
even in the individuals of a given size-category, there is a definite falling 
off in the rate of growth as the shell increases in size. Moorhouse speaks 
of “ a definite slackening off in the amount of shell deposited by the 
animals during the colder months ”, and of a period of “ rest from shell- 
building ” which he terms the “ time of hibernating ”, but in the 
Andamans I have not been able to obtain any evidence to show that 
T, niloticus has a slack season for growth of shell or a definite period of 
aestivation when the animal does not feed or move about. Amirtha- 
lingam’s (1932, p. 98) observations on the growth of T. niloticus at Port 
Blair led him to the conclusion that it “ grows during the monsoon and 
* winter ’ months, that is, July to March ”, a statement which sec'ms to 
imply that the remaining part of the y(‘ar from Ay)ril to June constitutes 
a season of slow or no growth. 

The determination of the breeding p(‘rif)d or periods of T. niloticus 
in the Andamans presented considerable difficulties. The main criterion 
for breeding is the discharge of (‘ggs and sp(‘rmatozoa at about the same 
time, and the fertilisation of the former leading to dev(dopment. Obser- 
vations in the field and in tin* laboratory of sevc'ral hundreds of adult 
sizes of T, niloticus during the, y(‘ars 1932 to 1035 failed to reveal any 
male or female in the act of discdiarging its sex-])rodncts. Ariificial 
fertilisation experiments with the ripe sex- j)rod nets obtained from 
individuals having a shell-diainet(‘r of 10*0 ems. during th(‘ months 
September to July proved a failure.^ Tin' mature state of the sex- 
products of the adults tlmnighout tin* year se('med to show that at any 
time of tin* y<*ar individuals In'aring rip(‘ s(‘X elements wer(‘ not altogether 
absent. Amongst them were thos(* with gonads full of ova or sp(‘r- 
matozoa as well as individuals (with flabby gonads) which may be con- 
sidered to have recently shed tin'ir s(‘x-prodiicta in part. A second 
method of approach to the jroblem of tin* breeding season adopted was 
the periodical examination of the ])lanlvtoTi of the iuvshore waters round 
about Port Blair and other localities to discover the occurrence of any 
advanced veligers with shell resembling the types common to Trochidae. 
Several forms allied to the Cerithidae, Rissoidae, Turbinidae, Neritidae, 
et(\, were found in the plankton during the warmer months of the year, 
and it was thought that the occurrence of advanced larvae of Trochidae 
would give a clue to the breeding period. Unfortunately, none of the 
Trochoid forms was obtainetl during the months December to April 
when the weather conditions were suitable for the collection of plankton. 

If breeding in T. niloticus were confined to a short season in the year 
one would expect to find the shell-populations distributed in several 
sharp well-defined categories of sizes. Supposing that the breeding season 
was spread over a period of 2 — 3 months only commencing in April, 
and a random sample of the population in a given area measured, say in 
March of the following year, one would find only shells with a diameter 


' The looseness of the ova in the gonads which washed freely when a jet of water 
was directed on it, and Ihe presence of ova in the passages connecting the gonad with the 
kidney were taken as the criteria for judging the readiness of specimens to breed. The 
impurity of the sea- water in the shore area around Port Blair which had to be used for 
the experiment was probably responsible for the failure of artificial fertilisation. 
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of about 5 cms. in the first year of growth, of 8 cms. in the second year 
of growth, of 10 cms. in the third year of growth and so on exhibiting 
gaps in size between the various groups, but none amongst the size- 
ranges of 1 — 4 cms.^ In fact, however, the data of shell-collection of 
T. niloticus round about Port Blair for a period of 4 years ending in July 
1935 show no well-defined gaps in the distribution of shells amongst the 
various categories of sizes (sec Table IT, pp. 76-79). The absence of 
small-size shells of diameter upto 1-99 cms. in the years 1931-34 has no 
significance. Because of their cryptic habits and small-size, and the dull 
colour of the shell which so well harmonizes with that of its surroundings, 
the small shells may have been overlooked.- The intensive fishing for 
Trochus shells by the Japanese during the years 1929 and 1930, may 
have also been ])artly responsible for the scarcity of both the small and 
the very large shells with a diameter range of 1-3 cms. and 12-14 cms. 
respectively. A glance at Tables IT and TIT (pp. 76-79 and p. 80) would 
seem to emphasise the point that intensive collection has made inroads 
on the large-sized shells as the frequency distribution of shells of various 
sizes in the four years 1931-35 shows. The mode of frequency seems to 
move gradually from 7*0 and 8*0 cms. categories in 1931-32 to 3*0 and 4*0 
cms. categories in 1934-35. 

Of the three types of evidence available for determining the breeding 
period, that provided by the larvae is negative. The mature and gravid 
condition of the gonads in adult individuals throughout the year leads 
one to the conclusion that breeding is not noticeably interrupted, while 
the samples of shells, collected throughout the twelve months of the four 
years in the same locality, which ificlud(‘ shells of all ages amply support 
the conclusion that breeding is continuous (see Tables IT and IV, 
pp. 76-79 and p. 81). 

In the Low Isles, Moorhouse (1932, p. 154) observed that the spawning 
period was of some five months’ duration at least, commencing in March, 
and that eggs were liberated not in great clouds but in small cjuantities 
at a time. He thought however that the ('gg-laying was protracted 
over a period longer than five months. Fn New Caledonia Montague 
(foe. cit.) found in the month of Decinnber several si^pecimens (9 cms. in 
diameter) distendinl with eggs ready for deposition. In the Andamans, 
Amirthalingam (1932, p. 31) inferred that spawning would probably 
begin in April, presumably from the fact that females with spent gonads 
were observed from that month onwards, but did not mention whether 
he had seen any individuals actually spawning. If spawning is conti- 
nuous over only a short period, one may expect to find a majority of 
individuals with spent gonads during that period. Actually, however, 
examples with full and .spent gonads were obtained during the warm 
as well as the cold months of the year. These terms ‘ warm ’ and ‘ cold ’ 
have relatively less significance in the latitudes in which the Andamans 

^ The results of the rate of growth .studios embodied in another paper (Rao k Raja, 
1936) have been used to estimate the age-groups. 

* It is also possiVih* that the younger torms inhabit the deeper parts of the sea from 
whieh a few stray into the shallower parts and the inUirtidal region. Hedley (1917, 
p. 70) stated that the youngest stages of T. niloticus are passed in deep water on the 
reefs. Oopala Aiyar (193.5) found that specimens of the Echinoid Sajmacis bicolor of 
small 817.0 (3-4 cms. in diameter) were singularly absent amongst hundreds of large forms 
obtained from the Madras Harbour, and suggested that the young forms may probably 
he confined to the deeper parts, creeping up only after attaining maturity. 
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are situated where the annual range of the average monthly temperature 
of the surface-water does not exceed 2® C.^ The influence of tempera- 
ture on breeding is discussed below. It may be pointed, however, that 
in the Andamans there is no definite evidence to show that spawning is 
confined to any well-marked season, although spawning has probably 
a tendency to be more intensive in the warm months from February to 
May, than during the monsoon months June to November. 

The temperature observations on the cast coast of Eoss I. were taken 
at various hours of the day from 6 a.m. to 0 p.m. in knee-deep water 
between the rocks constantly washed by the waves. The highest and 
lowest temperatures recorded during these nine months were 32-0° C. 
in May and 25-9'’ C. in D(!cember respectively, while (tlie daily average) 
high temperatures prevailed during the months of May and October. 
The average temperature for April would presumably be higher than 
that of May, but owing to other vvork no observations could be taken at 
Port Blair during the dry and warmer months of February, March, and 
April (see Table V, p. 82). 

Amirthalingam in his note to Nature (p. 98, 1932) stated that Trochus 
niloticus “ has a minimum temperature abov(' which alone it would 
spawn basing his conclusion presumably on the fact that individuals 
with spent gonads were found from the month of April onwards, and on 
the residts of Sewell’s temperature observations (loc. cil.) in the Andaman 
sea which indicate a double oscillation in temperature in the course of a 
year. He also stated that the observation that T. uilolicus starts spawn- 
ing in A})ril wluui the first rise of temperatun* takes plaeo emphasised 
•“ the idea that the marine invertebrates in tropical waters do not breed 
haphazardly but with a similar regularity to tliat observed in temperate 
waters ”. My observations in the Andamans for about 3 years do not 
establish any definite correlation between breeding in T. mloticus and the 
observed high temjHuature epoehs of the Andaman sea, and the analogy 
of the correlation between these two phenomena in the temperate seas 
may not hold good in the tropics.^ Eeeently Whedon (1936) studying 
the spawning habits of Myiilu.'i californianus (kmrad in the vicinity of 
San Francisco with ref(*rence to temperature doubted that the changes 
in tem])eraturo which occur in that region were severe enough to in- 
fluence spawning. He found the sex products developing in the w^armer 
months when food was moat abundant, and the mussels spawning in the 
cooler months, while on the contrary Mytilus eduUs of the Atlantic 
coast of America was observed to develop sex products in the coldest 
months and to spawn with tlu' onset of warmer conditions. In the same 
manner the warmer periods during March and April and again in 
October in the Andamans may stimulate the activity of sex-glands in 
T. niloticus leading to a comparatively intensive spell of spawning at 
their end, or during the cooler months following the warm periods. 

1 The average daily range of temperature at Port Blair as given by 8ewell fl927, 
pp. 104-118) seems to be inueh higher than the one giv«'n here. My observations at 
Port Blair during lO.IS^how that the dilTerence in rnuxiinum and miniinuni tempera- 
tures attained in the course of the day is no more than 2® C. 

* Adult specknens of T. niJoticus kept in samples of sea-water the temperature of 
which was raised by artificial heat up to 3.5'^ to 40^" C\ did not show any signs of spawning, 
idthough active movements of the animal were observed. 
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Orton (1922) has shown that in marine animals of temperate regions 
sexual activity is induced under normal biological conditions by the 
stimulus of temperature, and that in the temperate regions the breeding 
temperature which is a physiological constant for each species of marine 
animal may be the minimum or the maximum attained in that parti- 
cular locality. In regard to the tropics where constant or nearly cons- 
tant temperature conditions prevail, be has stated that “ there is appa- 
rently good evidence that breeding in marine animals is continuous, 
but a thorough investigation of this problem is desirable The main 
problems in regard to the breeding of tropical marine animals may be 
stated in the form of a questionnaire : (J) does the small range of varia- 
tion in the temperature of tropical seas admit of considering temperature 
as the main stimulus for breeding, (2) if the answer to this question is 
in the affiirmative, do the maxima and minima of temperatures attained 
in various localities act as physiological constants in the breeding of 
marine animals, (3) do factors other than temperature have any correla- 
tion with breeding, and if so, to what extent. In the present state of 
our knowledge of the breeding of tropical marine animals the answers 
to the questionnaire would presumably be incomplete. Observations 
in the different regions of the. tropical seas seem to have led to divergent 
conclusions. A short review of the opinions held in regard to the general 
question of the epoch and frequency of breeding in the tropical seas 
may not be out of place here. Morbujsen (1921), while admittitig that 
temperature has an important bearing on development whi(d\ proceeds 
at a conspicuously (pucker rate at the higher temperature of the tro])ics 
than in the colder regions, did not agree with the view that all tropical 
marine animals breed continuously throughout the year. From his 
experience of som(^ species of tropical Echinoderms he could only con- 
cede that they have more than one breeding scnison in the year. He 
was able to confirm Orton’s statement that “ where biological condit ions 
do not vary much marine animals will l)r(H^d continuously ’’ but “ would 
only object to making this a general rule ; this it is certainly not, espe* 
cially not in the tropics ”, by which Mort(msen apparently meant that 
biological conditions do vary in the tropics and that therefore', breeding 
cannot be continuous. Anne Stephenson (1934), as a nisult (jf her 
observations on the breeding of various marine Invertebrates such as 
Coelenterates, Echinoderms, Molluscs, and Crustaceans in the. Great 
Barrier Reef in 1928-29, came to the. conclusion that the breeding was 
by no means confined to any one part of the year, but occurred every 
month, in winter as well as in summer. She believed, however, that 
although spawning was going on all the year round, a majority of the 
species investigated “ would be found spawning either exclusively or 
most actively in the warmer months ”. She also thought that “ the 
actual breeding season of any one species would probably fluctuate 
considerably from one year to another, in the same place, not to mention 
its varying from one district to another ”. She observed four main 
types of breeding in the Great Barrier Reef, (1) a single breeding period 
not lasting the whole year round, (2) continuous breeding throughout 
the year but more active in one part of the year than during the remain- 
der, (3) discontinuous breeding occurring in relation to lunar phases 
during a longer or vshorter portion of the year, (4) two spawning periods 
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in the year with a quicscont phase between them. Moore (1934) 
observed considerable variation in the ])reeding periods of Echinus escu- 
lenlus even in localities separated only by a few miles and at different 
depths. Gopala Aiyar (1931) found the Polychaete worm Marphysa 
breeding in Madras from January to September and again in December. 
The same author (1935) collected sexually rip(‘. individuals of the Echi- 
noid Salmacis hicolor in the Madras Harbour throughout the year at 
temperatures varying from 24 ’ to 3(P 0., and found (1935) Acentro- 
gohius yirilli (Day) breeding at all times in the Adyar backwaters, Madras, 
at temperatures varying from 24' *4 0. to 29‘'*05 (k, but with an intensive 
breeding period during the monsoon in October and November.^ Subra- 
maniam (1935) ol)served tin* brackish water h(‘rmit-(;rab, Clihanarius oli- 
vaceous (Henderson) at tlie inoulh of tlie Adyar River, Madras, breeding 
throughout tlie y(*ar but with a w(‘ll-marke(l intensive p(*riod from Sep- 
tember to March. Wliedon (1;)30) found Mytilus cahforvianus Conrad in 
tlie region of San Francisco spawning at all t inu'sol tlu' year, but witli a 
maximum period of spawning b(‘ginning early in October, followed by 
two other periods of l(‘ss(‘r degree* in January and F(‘bruary, and in May 
and June. This short ri'view of recent work on breeding in tropical 
marine animals in ndation to t<*m{M‘rat ure changes seems to indicate 
that the evidence in support of the vi(*w that tropical marine animals 
breed continuously tends to gath<‘r vv(‘iglit-. It does not seem to be 
clear, however, what, uiuh'r the uniform biological condit ions of tropical 
seas, constitute the stimulus for inducing marim* animals t-o spawn. 
Wliedon (loc. ci(,) has shown tha.t spawning occurs at all times of the 
year, apparently irresp«‘ct.ive of t.emperat ure or ot her ('xternal stimuli ”, 
and tin*- observations of Anne Stephenson (loc, cil.) and Moore (Joe. cit.) 
seem to h‘nd support to that author's findings. 

In regard to the factors which influence brei'ding in T. nlloticus tin* 
observations of Moiitugue (/or. cit.), Moorhousi* (1932) and Aniirtbalingam 
(loc. cit.), and those recorded in the present paper tend to show that the 
physiological constant which induces spawning is not merely tempera- 
ture or latitude or food. Tlie optimum condition for .spawning in a given 
region would probably bt* a combination of .several factors which may 
include one or more of those mentioned. Without a detailed iiive.stiga- 
tioii of the physiology of 2\ nilolicus it would be difficult to determine 
the factor or combination of factors which induces sexual activity 
throughout the year. On the whole the question of sexual maturity 
and spawning in individual sjiecies of tropical marine animals in relation 
to the physical and biological conditions at different latitudes cannot 
be settled .satisfactorily without further knowledge of the Jiabits of marine 
animals from various regions of the tropical sea.s. 

The longevity of Trochns niloticus in the Andamans has been dealt 
with (Kao, loc. cit.) in another paper. Individuals with shell-diameter 
up to 15 cms. have occasionally been taken in collections from various 
Islands of the Andaman and Nicobar groujis. Under normal conditions 
an individual may live for well over 10 years attaining a diamet<er of 

' In the Andamans 1 liavo observed the Bleiiniid fish Andupuia heteroptera Bleeker on 
the roeks between tide-marks in the vicinity of Port Blair with fully developed eggs 
from September to the beginning of May, and young ones 1-2 cms. long practically 
throughout the year. 
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over 12 cms., but specimens with shell-diameter exceeding 14 cms. may 
be 12 years old.^ Death in T. niloticus due to old age is very little known. 
Certain characters of the shell (in examples with diameter exceeding 
11 cms.) observed in the course of the investigation s(‘em to suggest their 
association with senility. The tendency of the upper margin of the 
last whorl to be discrete from the suture or tlie previous whorl, the irregu- 
larity of the oblique lines of growth on the last whorl, the thickening 
of the shell, and the tendency to the formation of blisters on the nacreous 
surface of the mouth of the shell are some of the features commonly 
observed in shells above 11 — 12 cms. in diameter and may be associated 
with the senile changes in this species. There may be other features 
of senility exhibited by the internal organs such as the digestive and the 
nervous systems,^ but these have not been investigat(‘d. 

The sheltered positions on the reefs in which T. nilolicus occurs pro- 
bably protect the species to some extent from predatory enemi(‘S, such 
as sharks, rays, Gymnodontid fishes, etc. In tlie more exposed parts 
of the reefs, however, the extremely thick and hard slndl of the species 
seems to be of doubtful utility in protecting the specii's from tlie attacks 
of such enemies mentioned above, for fragjmmts of shells of Trochus 
and Turbo hav(i been found amongst the gut contents of these The 

thin and weak operculum seems to provid(‘ ina(h‘(|uat(‘ protection against 
the attacks of large crabs which with tin* help ot* tladr powaudul chelipeds 
seem to tear the soft parts of Trochus iri the ex})and(‘d stat(‘. On one 
oc(Uision a large crab on th(‘ r<*ef near South J*oint, J^)rl Blair, was seen 
helping itself to morsels of the flesli of T. nilolicus umbu* a stone when 
the animal was in a partial state of expansion. 41i(‘ snail w^as Ibimd 
to be dead, but it was dillicult to say wdadJuu’ th(‘ crab was merely feed- 
ing on the carcass of an individual, or had caused the death of the animal 



Text-kiu. 7. — (Jalcareous cunoretioii froju iliu apex of Uk* visceral coil of Trochus nilolicus 
from Sister is., AiiUatiiaiis (24.ii.iy33). 

In tho investing membrane which is produced into a short twisted stalk at one 
end., 6. The concretion removed from its investmc*nt. 


prior to feeding on the flesh of its victim. A species of Gastropod 
(Purpurinae-Muricidae) was also found feeding similarly on the soft 


^ Hedley (p. 70, 1917) stated that according to native tradition in Fiji, T. niloticus 
Uves for 4 years. 

* For a detailed study of senility among GastroiMwls tho works of Burnett Smith 
(1905), of I. and M. Szabo (1934) and of 1. Szabo (1935) may be consulted with advantage. 

® Moorhousc (1932, p. 148) recorded that sting-rays, hennitcrabs {Dardaniia megialos) 
ajid whelks were responsible for the destruction of live Trochus niloticiM on the Low Isles. 
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7. The feeding habits of T. niloticus are described. It is shown that 

the species lives chiefly on bottom deposits and on fresli algal 
vegetation. The features of the radular teeth of animals of 
various ages are described. 

8. No certain method of determing the sex of the shell without breaking 

it open or damaging it is known. The sexes are separate and 
are distinguished by the colour of the gonads, green in the adult 
female, white or cream in the adult male. The young male or 
female can only be distinguished by examining smears of the 
gonad under the microscope, or by microscopic examination of 
microtome sections. Hermfiphroditism and sex-change have 
not been observed, and are considered improbable of occurrence. 
{). The two sexes occur in about e(jual numbers in the adult age-groups 
with shell-diameter between 7*0 and 11-99 cms. Tliis fact is 
supported by statistical evidence. 

10. Jn the Andamans and Nieobars, sexual maturity is reached in the 

female when the slndl lias attaimid a diameter of 9-0 cjns., and 
in the male when shell has a diameter of h-O - 7-0 cms. 

11. No evidence of a slack season for growtli in shell or of a period of 

aestivation for T. niloticus iri the Andamans has been obtained. 

12. The mature condition of the gonads ami tln^ readiness for ‘spawning 

which has been observed in adults of T, niloticus throughout 
the year, and tin’, occurnuice, during tin* twelv(‘ months of the 
year, of shells of all ages indicate* that bre(Mling is continuous with 
perhaps an intensive spcdl of breeding during or immediately 
after the warm si'a.sons. 

18. The opinions held in ri^gard to tin* problems of the stimulus 
for spawning, and of the period and frecpiency of breeding in 
tropical marine animals are reviewed. The inadequacy of any 
one euvironmental factor alone to stimulate sexual activity is 
pointed out. It is suggeste<l that a more detailed investigation 
of the pliysiology of tropical marine animals would provide satis- 
factory solutions to these problems. 

M. The age of T, fdloticus in the Andamans is shown to exceed 10 years. 

Certain features in the shell suggestive of senility arc described. 
15. The incidence of mortality due to diseases or old age is indicated 
to be low. Animals associated with the shell or the soft parts 
of T. niloticus and causing in some instances damage to the shell 
are described. 
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Table II — contd. 


1937.] H. S. Rao : Habitat and Habits of Trochus nihticus. 



Total No. for each month . | 4 17 4 i 25 | 49 80 I 8 j 14 21 | 16 16 I 1 I 255 99-9 


Table II — coyHd. 

No, of shells collected at Port Blair in each month of the year 1933-34. 
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Table IV. 

T able shaicing the occurfence of shells of T. niloticus at Port Blair of various age-groups in the twelve months of the year. 

Age-groupe. 
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Table V. 


Daily average surface-water temperature of the inshore region on Ross I. 

in degrees centigrade. 
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EXPLANATION OF PLATE I. 


Fig. 1. — Murdakhari Bay, Port Blair, Andamans, uncovered by the 
sea at spring]; tkle. Sand and shingle made up of branches 
and slabs of Madreporarian coral constitute the region 
between tide-marks. Small shells of Trochm niloticm below 
5 cms. in diameter are of common occurrence amongst the 
shingle. 

Fig. 2. — Live specinums of T. niloticiis in glass aquaria in the Labora- 
tory at Port Blair a few hours after capture. The animal 
is never fully expanded in aquaria, and shows only the oper- 
culum, parts of the foot and the epiporlia (| Nat. size). 

Fiom. 3 — 10. — Shells of Trochus mlotica.s of various age-groups, 5 cms. 

and below in diameter. The diameters in cms. of shells 
of the upper row from left to right are 5*00, 4*77, 3*48, and 
3*43 respectively, and of shells of the lower row from left 
to right are 2*32, 2*15, 1*74, and 1*21 respectively (J Nat. 
size). 

Figs. 11 — 13. — Types of shell of Trochus niloHcus of tlie 8 cms. category 
viewed from the side away from the aperture. 11. convex 
type, 12. flat type, 13. plano-convex type with a peripheral 
ridge (from N. Andaman, January 1935) Nat. size). 

Fig. 14. — Shell of young T. yiiloficus 5 cms. in diameter bearing the 
scar left by the L^^petellid, Saptadanfa nasika Prashad and 
Rao. (Nat. size). 

Fig. 15. — Top portion of the spire of T. niloticus (bored by a species of 
Lithophaga) as viewed from below, McPherson Strait, Anda- 
mans (18,i.34) (Nat. size). 

Fig. 10. —A portion of the basal part of the last whorl of a large shell 
of T. niloticus from the Nicobar Is. (Nov., 1933) showing 
the hole made by a species of Lithophaga. The winding 
grooves surrounding the hole arc presumably the impres- 
sions of worm-tubes. ( x 3). 

Fig. 17.— Calcareous mass from the apex of the visceral coil of T, nilo- 
ticus from Sister Is., Andamans (24.ii.33). (X5). 
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SEASONAL VARIATIONS IN THE DISTRIBUTION OF SAGITTA 
OF THE MADRAS COAST. 

By C. C, John, D.Sc. (London), D,LC., Department of Zoology^ Agra 

College, Agra. 

Introduction. 

A preliminary account of the Plankton of the Madras coast was 
published five years ago (K. S. Menon, 1931) in which was recorded for 
the first time the occurrence of Sagitta along this coast. Menon observes 
that S. hipunctata occurs in the plankton collections fairly regularly 
and uniformly during all seasons. In a review of this paper published 
in ‘ Nature ’ (1932) the conclusion was drawn that this uniform distri- 
bution is probably due to the tropical condition of the sea. As I have 
discussed in a later part of this paper, wherever the distribution of 
Sagitta was studied it has been definitely shown that seasonal variations 
of most of the species is a marked feature of its occurrence, hence the 
statement of Menon about the uniformity of its distribution was naturally 
noted with some interest. 

Since the Plankton of the Madras coast had never been studied 
before Menon’s work was of the nature of a pioneer attempt and as such 
was accompanied with all those unavoidable obstacles which necessarily 
beset works of that type. He identified Sagitta of the Madras coast 
as S. hipunctata and recognised only one species. It may now safely be 
affirmed that this species is not found in Indian waters. From the 
west coast of India Doncaster (1902) collected thirteen species of Sagitta 
including a number of new forms and from the Bombay coast Lele (1936) 
obtained three species including one which was recorded for the first 
time. The only reference to Sagitta in the Bay of Bengal is found in 
the reports of the ‘‘ Siboga ” Expedition (Fowler, 1906). Though that 
Expedition did not investigate the Bay of Bengal two of the distribution 
charts of the Reports of the Expedition make note of the occurrence 
of S, enjlata and S. subtilis. From Menon’s collections, which were 
carefully preserved in the Zoological Laboratory of the Madras Univer- 
sity, the author identified five species (John, 1933) and two more species, 
S, planJctonis and S. hispida have since been identified and included 
in this paper, but so far no specimen of S. hipunctata has been observed 
either in the Bay of Bengal or in the West coast. It was probably 
this mistake in identification which was responsible for the misconcep- 
tion that Sagitta occur fairly constantly during all the seasons : some 
species or other always occurs during most of the months, though not 
always showing the same degree of abundance. 

A few years after the publication of Menon’s paper the Madras 
University kindly awarded me a fellowship, which enabled me to carry 
on some investigations in the University Laboratory. During this time 
I made a thorough examination of the entire material collected by 
Menon and through the kindness of the Director of the laboratory was 
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able to collect some new material as well, but before long I had to leave 
Madras. The publication of my results was withheld with the hope 
that I may be able to carry out some more analysis with fresh material. 
However, since time and circumstances never permitted me to realize 
this object, I am now venturing to publish these results, which though 
fairly complete and conclusive are not entirely based on material collected 
under my personal supervision. The fact that I have used the very 
material which formed the basis of Menon’s work has the added advan- 
tage of eliminating the possibility of all exceptions regarding dates and 
time of catch. 

From the captures of Burfield and Harvey of the “ Sealark ” Ex- 
pedition (192G) Aida for Japan (1897) Michael for Philippines (1919), 
Fowler for “ Siboga (1906), Doncaster for the Maidive and Laccadive 
Islands (1902) and Lele for Bombay (1936) it is evident that the Indo- 
Pacific region is very rich in Chaetognatha. So far some thirty valid 
species of Sagitki are recognised, out of these no less than twenty one 
are found in these collections. The great uniformity of Sagitta fauna 
over this vast region is also clearly brought out when these collections 
arc compared. Eight species arc found in common in five of the collec- 
tions, extending from Jaj)an to the Western Indian Ocean and no fewer 
than thirteen species are found from Philippines to the coast of Africa. 
Out of these 8. evflata, 8. Irmispidata , 8, serratodentata, 8. hispida 
and 8, regularis have been recorded from the Arabian sea. The Maidive 
and Laccadive collections have also brought to light a number of new 
forms, e.g., 8, sept ala ^ 8, polydm, 8. pukkerdy 8. gardineri, 8, ferox and 
8 , rohusta, to this must added 8 , hotnhagensisy sp. nov. and 8 . bedotiy 
recorded from Bombay, Taking all these into consideration it will be 
seen that the Arabian Sea has yielded fifteen species of Sagitta, out of 
which seven species are common in the rest of the Indian Ocean. From 
the Bay of Bengal only eight species have been so far recorded, of these 
four are found in the Arabian Sea and six species, i.e., 8, hispiday 8, 
enflatOy 8, snbtilis 8. neglecta, 8, tenuis and 8, planktouis are common to 
the rest of the Indian Oc< an. Two of the new species of the Maidive and 
Laccadive regions have been obtained from Madras also, but 8 . tenuis, 
8. neglecia, 8. planktonis and 8, subtilis have not so far been observed 
in the Arabian Sea. 

The plankton collections described in this paper were made under 
conditions quite different from those cm])loyed at otlier Marine Biological 
Laboratories. On days when a collection was to be made a local fisher- 
man was engaged. Early in the morning before sunrise he sets out 
into the sea in the common fishing craft called ‘ catamaran which 
is made by yolking together three to five cylindrical logs of light wood 
into a shape remotely resembling a flat boat. The crudeness of its 
construction hardly enables it to gather a speed of more than three 
miles an hour even when under full sail. Collections were made with 
a simple tow net made of No. 6 standard silk bolting cloth (74 meshes 
to the inch). Tlie fisherman was always given strict instructions to use 
more or less the same locality for towing and to drag the tow net always 
a definite number of times. By these instructions it was hoped to 
confine the collections to one definite area and to keep the duration of 
the drag constant as far as possible under such conditions, 
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Owing to the simple nature of the methods employed it may be 
argued that no definite and positive conclusions could be drawn from 
the analysis of such collections, but in spite of its simplicity, tlie collec- 
tions have been fairly regular and systematic and give an accurate 
idea of the distribution of the plankton fauna during all the months 
of the year. Further as the collections extended over a period 
of four years they give great scope for comparison and confirmation 
of results. 

Tables 1 — 4 represent an analytical study of the distribution of 
Sagitta from 1929-1932. It was probably in 1929 that the Madras 
University first decided to study the Plankton fauna of the 
Madras coast. During this year collections were not quite regular. 
I was not able to find any material of collections made in March, 
April, May and August. Even during the other months the collections 
were not rich in Sagitta, The collections for 1930 were the most regular 
and systematic and these yielded a complete set of results for the present 
study. In 1931 captures were made during January, March, April, 
May, June, July, August and September, and out of the collections of 
1932 I was able to study only part of the materials collected during 
March, April, May, June and July. 

In the present work I take the collections of 1930 as typical and those 
of 1929, 1931 and 1932 are included only for comparison. The 1930 
collections of Madras has one great advantage over any other collections 
made elsewhere in that they yield a complete record of the distribution 
of Sagitta during all the months of the year. 

As I have already pointed out seven species of Sagitta have so far 
been recorded from the Madras coast. In certain cases some specimens 
have been regarded as ‘ doubtful ’. These do not represent unidentified 
species but are mostly specimens of one or other of the definite species 
which are partly damaged or mutilated. 

During January S, enflata was most numerous though their number 
was not comparatively high. S, gardineri, S. tenuis and S, neglecta 
were also found ; of these S, neglecta was only represented by a very 
few specimens. S. planktonis, S. robusta and S, hisjMa were not present 
during this month. In February S, enflata and S, gardineri became 
much scarcer, while S. tenuis becomes the most dominant species and 
S, neglecta still continues to be represented only by a few specimens. 
As in January S, robusta, S. planktonis and S, hispida are totally absent. 

In March though S. enflata is still represented by a few specimens 
S. gardineri is totally absent and while S, tenuis maintains its predomi- 
nance S, neglecta is scarcer than during the preceding month, being 
represented only by three specimens for the whole month. During 
this month S, robusta first begins to make its appearance and is represent- 
ed by three specimens, while S. planktonis and S. hispida still continue 
to be conspicuous by their total absence. 

April shows the same scarcity for S. enflata as in the preceding 
month but 8 , gardineri begins to reappear. 8 , tenuis which had been 
showing a progressive tendency towards increase in numbers, reaches 
its maximum intensity and is represented by a quantity which is not 
surpassed by any other species during any other month. S, neglecta 
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and S. robusta are still very scarce. In June S. enflata becomes com- 
paratively more numerous and S. gardineri also increases in number, 
wliibj S. tenuis shows a sudden fall. The most dominant species during 
this month is S. neglccta, which seems to have increased suddenly. S, 
robusta is also fairly well represented and S, planktonis begins to appear 
for the first time in the year. 

aS. tenuis is totally absent in July and from now onwards till the end 
of the year it is not found in the tow net water at all. During this 
month S. enflata Ls more numerous tlian S. gardineri. However the 
most conspicuous species of the month is S. neglecta. S, robusta 
also reaches its maximum, while S. planhonis is fairly well represented. 
aS. hispida. which was totally absent from January to June, appears 
suddenly in the beginning of July and catches made during this month 
show its maximum for the whole year. aS. planktonis also reaches its 
maximum. aS. enflata, which has been steadily increasing in numbers 
from the middle of February, now reaches a state of abundance. After 
the 9th July though three collections were made there were no traces 
of even stray specimens of Sagitta. However they reappear again on 
the 10th August. The collection of this date gives the maximum for 
aS. enflata and S. gardineri. H. hispida and aS. planktonis oxe. also fairly 
well represented, but three species H. tenuis, aS. neglccta and S. robusta 
are totally absent and continued to be so till the end of the year. 

The (juantitv of Sagitta in the plankton dwindles considerably by 
the beginning of ASepbunber. In tin* roll(*ction of 12th September though 
S. enflata and S gardi)teri are dominant S. planktonis and S. hispida 
are only represented l>y stray specimens. During this month a second 
colh'ction was made on the 19th, but Sagitta was totally absent, and 
in Octolier though six collections wen* made not a single specimen of 
Sagitta could be found in them It. may therefore be concluded that 
from the middle of ASej)tember till the beginning of November Sagitta 
are not found in the surbice ])Iankton fauna of the Madras coast. In 
November though they reappear th(*y are only represented by stray 
specimens and this continues on till the end of December. 

Comparing the above analysis for 1930 with those of 1929, 1931 
and 1932 ^ve find a great deal of uniformity in the distribution of the 
various species during the different seasons, for example in 1929 the 
collections of February, July and August show very close similarity. 
During January and February S. robusta, S. planktonis and S. hispida 
are totally absent. In July S. enflata is numerous as in 1930 and in 
the same month S. planktonis and S. hispida reach their maximum. 
From June S. tenuis is totally absent and though ten collections were 
made from the 26th September to 28th October not a single specimen 
of Sagitta was observed, thus supporting the condition of October 1930. 

The April collections of 1931 are very similar to those of 1930. 8, 
tenuis reaches its maximum but unlike 1930 8. enflata is totally absent. 
This does not, however, alter the general conclusions regarding the 
distribution of 8. enflata since in April 1930 only a few stray specimens 
of that species were recorded, i.e., one to eight specimens in each catch. 
8. neglecta and 8. planktonis reach their maxima on 3rd June, while in 
1930 8. planktonis shows its greatest intensity only on the 9th August. 
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Out of the 1932 collections I was not able to oxainin(‘ the entire 
lot. So I selected those collections which showed tln^ largest number 
of Sagitta and only analysed them. Out of the March collections only 
one was examined. Comparing this with the one made on 14th March 
1930, it was found that in both cases S, tenuis is the most predominant 
species, though the latter was much richer in numbers. In both cases 
a few specimens S, enjlata and S. neglecta were also obtaiiu'd. 
The April collections of 1932 compare very well with similar collections 
of 1930. In both cases /S. toms reaches its maximum, while S. enjlata^ 
S, gardineriy S. neglecta y S, robusta and S. planktonis only show evidence 
of their occurrence by the presence of a few stray specimens only. 

The collections of May 1932 are rich in S. enjlata, S. gardincri, S. 
tenuis and S, robusta, while S, flanktonis is represented by only a few 
specimens. With regard to most of the species mentioned abovc^ the 
numbers are much higher than those of 1930. HowevtT. in l)oth cases 
it is evident that during this month S. neglecta re.aohes its maximum. 
This month is also interesting because it is during this time of the year 
that the maximum number of species is found. 

In July S, enjlata and /Sf. glanklonis reach tlndr maximum and the 
collection of 25th July 1932, was the richest for all tluj four years for 
S, enjlata and S, liispida. 

Tabic No. 5 and the ac(5ompanying graph show tlic variations in the 
intensity of Distribution during the different months. This table 



represents the aggregate average for each month taking the collections 
of all the four years into consideration. Thus for instauc<* in January 
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1929 two collections were made in the same month. In 1930 though five 
collections are on record only three of them showed the occurrence of 
Sagitta and in 1931 only one collection has been recorded. In calculating 
the aggregate average all the dates in January for all the years are taken 
together excluding those dates, on which there were no traces of Sagitta, 

From table 5 it will be seen that in October Sagitta are totally 
absent from the surface plankton. In 1929 this absence was 
first noticed towards the beginning of the last week of September, in 

1930 from the 19th and in 1931 few specimens were found even on the 
30th. 

Before attempting to explain the causes for these conspicuous diftor- 
cnces in the intensity of periodic distribution of Sagitla in the Indian 
waters it is necessary to consider certain general priticiples. Tt has 
been stated by Johnstone (1908) that the nature of plankton distribution 
will depend on the hydrographic and meteorological conditions or in 
other words on variations in wind, rain, light, barometric pressure, heat, 
etc. Along the coast these factors change rapidly and are governed by 
seasonal changes of the locality. It may also be said that the intensity 
of any type of plankton will depend also on the intensity of jother plank- 
tonic organisms which constitute the food of tlu^ former and these in 
turn will depend for their abundance either on the physical conditions 
of the sea or on their life cycles. This is very well illustrated by the 
Work of Herdman, Scott and Dakin (1910) on an intensive study of the 
Marine plankton around the south end of the Isle of Man. They have 
observed that certain planktonic organisms show a remarkable regu- 
larity in their time of appearance. For example the nauplii of Balamis 
began to appear on February 22nd in 1907, February 13th in 1908, 
and February Gth in 1909. Tliis is one of the cases where the regular 
periodic occurrence depemds on the sequence of events in life cycle, 
which constitutes the dominant factor in determining the composition 
of the plankton at a given place and time. The occurrence of fish 
eggs and larvae and the crab zoea is also due to such sequence in life 
cycles which fall at definite times. 

In the case of Sagitta it has been definitely established that they 
do not have any particular breeding seasons. During all the months 
of the year and at all times the mature specimens carry ripe eggs. In 
the case of Spadella cephaloptera it has been sliown that the eggs are 
shed at intervals of eight to ten days (John, 1933). In Sagitta the 
condition may be more or less the same, considering that the two are 
very closely allied, so that it may be safely asserted that increase during 
certain seasons does not depend on the breeding habits of the animal. 

During my stay at Plymouth I reared considerable numbers of 
Sagitta and Spadella in the Laboratory of the Marine Biological Asso- 
ciation and both types were found to thrive on Harpacticids ; these and 
similar small Crustaceans, which form the food of these animals are 
invariably found in the plankton during all the months, in the tropical 
waters. Therefore the postulate that the abundance of Sagitta during 
certain seasons may depend on the abundance of certain other plank- 
tonic organisms, which constitute their food, may be dismissed with 
equal certainty. 
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Tlic only other factor therefore which remains is change in hy- 
drographic conditions. Concerning this Kofoid (1903) says ‘ Somewhat 
regular alternations of growth and rest, of fission and spore formation 
or parthenogenesis and sexual reproduction are fundamentally the basis 
of cyclic movements in plankton production. The amplitude and to 
some extent the location and duration of the pulses are plainly affected 
by various factors of the environment — light, temperature, vegetation, 
tributary waters, various hydrographic factors, food supply and possibly 
also by chemical conditions, not directly concerned with nutrition 
but available data fail completely to afford any satisfactory environ- 
mental factor or groups of factors which stand in correlation with the 
cyclic movements in production.’ However, when considering tl)o 
cyclic movements of Sagitta we find that the periods of seasonal rains 
along the Madras coast seems to coincide with the periods of scarcity 
or absence of Sagitta in the surface plankton. During the greater part 
of the year the Kiver Coovum, Avhich reaches the coast close to the 
Northern side of the University is separated from the sea by a narrow 
bar of drift sand, but during the rainy season this bar is broken up and 
the rain water which accumulates in the river forces its way into the 
sea loaded with mud and dirt of the city. The direction of the coastal 
currents and the wind cause this muddy water to spread along the coast 
as a broad patch of reddish brown, clearly distinguishable from the sea 
water beyond. During this season tow netting is not usually conducted 
but during certain years when it was desired to obtain a complete record 
for all the months the fisherman was instructed to drag the iw.t beyond 
this patch of muddy water. Even then Sagitta was not obtained. 
During the rainy season owing to the admixture of rain wat(‘r there is 
bound to be a reduction in the percentage of salinity in the surface 
layers of the sea. 

In 1931 I conducted some experiments with living specimens of 
Sagitta at Plymouth, to investigate their reactions to change of salinity 
and it was observed that even the slightest change makes them dormant. 
If the salinity is only altered in superficial layer they sink lower down. 
The hydrogen-ion concentration of the body fluids of marine animals 
bears a close relation to the hydrogen-ion concentration of the sea 
water. Since in the majority of species of Sagitta the body wall is thin 
and flabby any change in the hydrogen-ion concentration of the surface 
sea water will be felt by the animal which will consequently sink to the 
lower depths. It seems therefore very probable that the cause of the 
total absence or scarcity of Sagitta during the rainy months is the change 
of salinity brought about by the admixture of rain water in the super- 
ficial layer of the sea. 

This conclusion seems to be very well supported by independent 
observations of Lele (1936) in the Bombay harbour. Of the three species 
described by him S. gardineri is the only one, in which the body wall 
is thin and flabby and from the table of surface distribution which he 
has given it will be seen that during March, April and May S. gardineri 
IS totally absent from the Bombay coast. In June it is very scarce 
but from that time onwards there is a steady increase till September. 
In October the number again falls but rapidly rises again till it reaches 
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its maximum in December. It will be seen from his table that >S. gardineri 
shows two maxima, one in September and the other in December. 
Alternatftig with these two periods of maxima are the rainy seasons of 
Bombay during which times they either become scarce or totally absent. 
The two other species recorded from Bombay also show seasonal varia- 
tions in their intensity. For example S, bedoti shows three maxima 
during January, April and August. S. bombayensis shows four maxima 
during the year. It will be noticed that in the case of S, bedoti also the 
season of minimum distribution coincides with the rainy months as in 
the case of S. gardineri. 

Species of Chaetognatha in which the body wall is tough and rigid 
such as Spadella cephaloptera are capable of withstanding considerable 
changes in salinity. Sp^eVa cephaloptera is unaffected even when the 
salinity is reduced to 80 per cent of the normal (John, 1933). I have 
examined specimens of S. bedoti and 1 have also seen a few specimens 
of S. bombayensis, which Dr. Lele kindly showed me in 1934. In both 
these cases the body wall is rigid and though not very thick is capable 
of maintaining the shape of the body unlike /S', gardineri or /S'. ey\Jtata. 
This characteristic probably enables these two species to withstand 
certain degree of chemical changes in the sea brought about by the 
addition of rain water and this probably explains why they do not 
become totally absent during the rainy seasons. 

The south-west monsoon commences on the west coast of India 
Bomewherc about the middle of May and its vigour continues on till 
the end of June. During October Bombay again gets a fair share of 
rain from northerly winds. 

On the East coast the south-west monsoon reaches very late and it 
passes northwards with only a few light showers along the Madras coast. 
Madras experiences its heaviest rainfall during the north-east monsoon. 
This wind, which collects some moisture during its progress across the 
Bay of Bengal, strikes the Madras coast towards the end of September 
and gives a considerable amount of rainfall during October, with 
moderate showers during November and December. Madras therefore 
has only one rainy season extending from October to December. 

The distribution of Sagiita during the various months in relation 
to the average rainfall for each month is shown in the accompanying 
graph (vide text-fig. p. 87). 

This graph shows that only in those months when the rainfall is 
very great the distribution of iSagitta is affected. For example at Madras 
though there are occasional showers in January, July, August and 
September these do not seem to have any effect on the itensity of distri- 
bution of Sagitta for it is only natural to infer that such showers cannot 
alter the salinity of the sea and further, the river Coovum does not 
empty itself into the sea during these months. But from October to 
December, when the rain fall is heavy and when there is a considerable 
rush of tributary waters the salinity is bound to change to such an 
extent as to make it unsuitable for these delicate organisms to sur- 
vive in the surface waters. 

Out of the three species recorded from Bombay I have only taken 
two of the well established species into consideration, since the third 
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is a new species, which appears to behave quite differently from other 
types. I shall not attempt to comment on this peculiarity till we know 
some more details regarding its habits and distribution. 

Doncaster (1902) in his work on the Chactognatha of the Maidive 
and Laccadive Islands does not go into statistical details regarding 
intensity of distribution. However, the following general idea may be 
gathered from a study of his paper : — 


S. tricuspidata 
S. serratodenUUa 
S. hispida . 

<S’. regular is 
S. robust a . 

S. gardincri 
/S’, pulchra . 

S, polydon . 

S. septata . 


Not found in April. 

Common in winter and spring. 

Scarce in winter but abundant in April, 
Small numbers in winter. 

Abundant in winter but scarce in April. 
Moderately abundant in winter, 

Moderate in winter and spring. 

Fairly abundant in winter and spring. 
Moderately common in winter and spring. 


From this it may be safely inferred that in the Maidive and Laccadive 
regions almost all the species reach their maxima during the colder 
months November to January, the only exception being S. hispida 
which seems to reach its maximum in Summer, just before the commence- 
ment of the rains. The rainy seasons in these regions are very much 
similar to those of Bombay, hence the distributions in these two places 
are more or less similar. In Bombay also S. gardineri reaches its highest 
maximum in December, while S. bedoti is scarce in winter but abundant 
in April, like S. hispida in the Maidive and Laccadive regions. It is 
therefore evident that on the Indian coast the seasonal fluctuations in 
the surface distribution of Sagitta is mainly governed by the seasons of 
local rainfall. As the rainy season varies from place to place the seasonal 
distribution of Sagitta is also bound to vary from place to place. 

All tlie seven species recorded from Madras reach their maxima 
(luring the hot months April to August. For example S. tenuis reaches 
its maximum in April, S, neglecta in May, S. robusta in June, S, enflata, 
S. pkmktonis and S. hispida in July and S. gardineri in August. Of the 
seven species S. enfiata, S. gardineri and S. neglecta occur during all the 
months of the year except October. The remaining four species S. 
tenuis, S, robusta, S. planktonis and S. hispida are only found during 
the summer months. We know very little about the vertical distribution 
of Sagitta in these waters and therefore it will be hazardous to venture 
upon any speculative suggestions before sufficient data are available. 
In the San Diego region of California where the periodic distribution 
of Sagitta has been recorded (Michael, 1911) the same condition is notice- 
able. For example S. bipunctata seems to be present during all the 
months, while S. enflata, S. hexaptera, S, lyra, S. neglecta, S. planktonis 
and S. serratodentata are found only during certain months. Michael 
makes no attempt to explain this phenomenon. Are they carried 
away by the surface current of the sea or do they sink to the lower 
depths during those months when they are not found in surface 
hauls. These questions can be answered only after a more intensive 
study of the vertical distribution of the various species during the different 
seasons of the year. 
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In conclusion I wish to express my deep sense of gratitude to the 
authorities of the Madras University and to Mr. R. Gopala Ayyar, 
Director of the University Zoological Department, for all the facilities 
they provided me for carrying on this work in their laboratory. My 
thanks are also due to Dr. Baini Prashad, Director of the Zoological 
Survey of India, for the loan of periodicals from the Zoological Survey 
Library. 


Summary and Conclusions. 

1. Sagilta does not show a uniform distribution throughout the year 

in the surface plankton. Out of the seven species recorded from 
Madras only two are found during most of the months. The 
other five appear only luring the summer months. 

2. Each species reaches its maximum only once in the year on the 

Madras coast and the periods of maxima are different for different 
species. 

3. The distribution of Sagilta is at its minimum when the rain fall is 

very heavy, but it cannot be applied as a general rule that the 
distribution of Sagilta is inversely proportional to the rainfall, 
because slight occasional showers or irregular rains do not affect 
their intensity. From these observations the conclusion is drawn 
that Sagitta disappears from the surface plankton when the 
salinity of the sea water is appreciably altered by the admixture 
of rain and tributary waters. 

4. The periods of maxima do not depend on the breeding habits or 

the abundance of any particular type of food of the animal. 

5. The periods of maxima and scarcity vary from place to place always 

depending on the nature of the local rainfall. This is supported 
by recent work carried out at Bombay. 
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Table No. 1. 

Surface Distribution of Sagitta /or the year 1929. 



Doubtful 
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Table No. 2. 


Surface Distribution of Sagitta for the year 1930. 
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, , • 
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1 
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Surface Distribution 0 / Sagitta /or the years 1931 & 1932. 
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MGIPC—M—ni-8-10— 27-3-37— 400. 




TROIS CYCLOPIDES (CRUSTACfe COPEPODES) NOUVEAUX 

DE L’INDE. 

K. Lindberg. 

(Planches II ct III.) 

Dans son traite coinplet siir 1(3S cyclopides pani (mi h\ Ku^for 
(Janne une liste de 20 especes du groiipe Vancans-Bicjjlor dans 

le sous-genrc Miarocyclojis do Claus ct caractcrisc(‘s princ.ipahunciifc 
par la ciiiquiemc pattc n ctant fonneo. quo d un soul article poiirvu 
d’une soie ; une forte soie attachce au bord lateral du cinquienie seg- 
ment thoracique representant cello de 1’ article basal disparii. A cetk 3 
liste il faut joindre 8 especes decrites pendant cos dernieres annees. 
De ce total de 28 il n’y a guere quo 2 qui, aiitant qu’ il soit connu a pre- 
sent, sont des especes cosmopolites, les autres ayant pr('squ (3 tout(‘s 
ete rapportees de regions tropicalcs et sous-tropicales et plus de la moitie, 
e’est-a-dire 15, de I’Afriquo seule. Kn vue de cos chiilres il est assez 
surprenaiit que de cc groupe, qui semble particulierement bien repre- 
sentc dans les pays chauds, on n’en connait encore (pie 5 especes de 
la Peninsule Indienne, et, comme Fa fait dc^ja reinarqucr Kiefer, 
en cc qui concorne le 0. (M.) bicolor et le C, (AL) varicans^ rapportes 
par Sewell ct par Gurney il n’est pas tout a fait certain (pF il s’est 
reellement agi des especes typiques, 

Au cours de recoltes recentes j’ai trouve 2 especes et une variete 
nouvelles appartenaiit a cc groupe, dont jo donne ici la description. 


Cyclops (Microcyclops) diminutusi sp. nov. 

Description — Tres petite cspece, do forme trapue. 

Longueur des deux femoll(\s pc/rtant des ovisa(3s de 551) p (^t de. 570 
fJL ; largeur maxima d(3 190 p. et de 210 p. Rapport entni ’ i longiuuir 
du cephalotliorax et cello de la queue (abdomcni + furca sans soies 
apicales) de 1 a 2*2 et de 1 a 2*3. Rapport entre la longueur du ceplia- 
lothorax et sa largeur de 1 a 1*82 et de 1 a 2. Longueur du premier 
segment ccphalotlioracique legerement superieure a sa largeur. Parties 
lat^rales du bord posterieur des deuxieme, troisiemc ct quatrieme seg- 
ments thoraciques legerement prolongees en pointe, de sorte que c(3S 
segments sont bien delimites les uns des autres ; par contre, la limite 
est peu distincte entre le premier et Ic deuxieme segments cephalotlio- 
raciques. Le cinquieme segment thoraciejue porte une longue soie sur 
son bord lateral et celui-ci est prolonge et un peu elargi distalcment. 
Premier segment abdominal un peu moins long que sa largeur proxi* 
male ; il pr6sente dans sa partie proximalc une forme arrondic et glo- 
buleuse dans le sens antero-posterieur ; il sc retrecit graducllemcnt 
dans sa partie distale. Longueur du segment genital infericure a (lello 
des trois segments abdominaux suivants reunis. Les deuxieme et 
troisidme segments abdominaux sont do longueur a peu pres egale ; 

[ 99 ] ^ 
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lo quatrieme segment est considerablement moins long. Lo bord distal 
dll quatrifeme segment abdominal porte sur sa face ventrale une rangec 
continue de fines 6pines. L’opercule anal est de dimensions normales. 
Branches de la furca trcs legeremcnt divergentcs. Leiir longueur est 
de tres pcu inferieure a cello des troisiemc et quatrieme segments abdo- 
minaux r6unis ; chcz run des animaux elles etaient de 2-7 fois aussi 
longues que larges, chez I’autre de 3*1 fois aussi longues (jue larges. 
La soie laterale externc divise la branche dc la furca dans la proportion 
d’environ 47 a 15. La longueur des soies apicales ctait chez les deux 
specimens (du dedans en dehors) G2 : (?) : 150 : :30(jl ct G7 : (?) : 153 : 
25(i.. La soie apicale cxterne est forte et courtc, la soie apicale interne 
est plus de deux fois aussi longue que la soie apicale cxterne ; elle est 
tres mince ; les deux soies apicales medianes sont bieii developpe(‘.s ; 
la soie apicale mediane interne se trouvait casscc chez les deux animaux 
a line certaine distance dc sou extr6mitc ; son epaisstuir montrait ce* 
pendant qu’elle devait etre considerablement plus longue que la soie 
apicale mediane externe. Premiere an ten no a 10 articles ; rabattue 
elle depasse legercm(*iit le milieu du premier segment cephalothoraciquc ; 
lo deuxieme article est le plus court (^.t Ic priunier le plus long. Branches 
(les pattes natatoires a 2 articles ; Tarticle terjninal d(js exopodites est 
muni de 5 soies ; la formule des opines est do 3. 4. 4. 3. Article terminal 
de rendopodite do la quatrieme paire do pattes environ 3 fois aussi 
long que large ; il porte 3 soies sur son rebord ini(‘rne et 2 opines api- 
calcs dont 1 interne, device en dedans, est considerablement plus longue 
et plus forte quo repine externe, lour lougueiu* respective se trouvant 
chez les deux animaux dans le rapport de I a O-G. L opine apicale 
interne est moins que la rnoitie de la longueur de rarticle qui la porti\ 
Bord libre de la lamelle reunissant la base de l.i quatrieme paire de 
pattes prcscpie droit sans clevures lateraUjs ; celui de la troisieme paire 
est muni d un petit tuberculc dc chaque cote. La cinquieme patte 
n’est formic quo d’ une soie assez (jourte munie de tres petits poils. 
Le receptacle seminal rosseiublo a celui du C. bicolor, niais les bras late- 
raux de la partie distale sont plus longs que ceux dc la partie proxiniale. 
Les ovisacs sont accoles contre Tabdomon ct no depassent pas rextre- 
mite de la furca. 

Oeufs relativcment grands mais pen iiombroux, de 4 a 6 dans chaque 
sac. La couleur n a pas 6te observee, les animaux n’ayant ete examines 
qu’apres la mort. Male inconnu. (Figs. 1, 2, 3, 4, 5). 

Habitat, — Un ctang, a vegetation aquatique tres abondanto, a Can- 
saulim (Goa) Inde Portugaise. Kccolte an mois de novembre. 

Retnarques,--Pai suite de la structure de la cinquieme patte, sc 
r<3duisant a une scule soie, il s agit dun membre du sousgenre Micro- 
Cyclops de Claus du genre Cyclops, MUller. 11 se rapproche le plus du 
C, {M,) attenuatus Sars, mais sen differencie par les branches de la 
furca 4tant considerablement plus courtes et inferieures en longueur 
celle des troisieme et quatridrae segments abdominaux r^unis. Il 
s’en distingue aussi par la configuration differente du segment genital 
dont la largeur proximale est notablemeiit plus grande que la largeur 
distale et enfin par le rapport different entre la longueur des Opines 
apicales de Tenp. 4. 
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Cyclops (Microcyclops) tricolor, sp. nov. 

Description, — Petite espece de lOrinc trapiic ; lorijj^iieur de la femollo 
adulte do 6(55 [x a 715 p. ; largciir depassant un pen le tiers de la lout^iieiir 
total(i du corps ; cephalothorax formant environ les deux tii^rs de la 
longueur du corps, et la queue (abdomen + f^rca sans soies apicales) 
un tiers. Cephalothorax de forme ovoidc a I’etat vivant ; chez les 
animaux tucs a la formaline il devient un peu plus allonge ; il est a pen 
pres 2 fois aussi long que large (chez 3 femelles adultes ce rapport etait 
de 1.84 :1, 2:1, 2:1). Premier segment cephalothoracique consi- 
derablement plus long que large. Limites entrc les bords lateraiLx 
des segments cephalothoraciqucs beaucoup moins prononcees (pie chez 
I’espece precMante. Cinqiiicme segment thoraciquo portant de chaque 
C(')t6 une longue soie munie de poils ; bord lateral ne presentant qu’une 
faible ebauche de prolongement distal. Largeur proximale du segmcuit 
genital a-urpassant la longueur du segment ; il se retr(^xut graduellermnit 
du cote distal. Proximalement, Tepaisseur du segment genital dans 
le s(ins antero-posterieur, de mcune que celle du cephalothorax, est (;on- 
sid^rable, donnant un aspect fortement globulcux a ces parties du corps. 
Longueur du segment genital legerement iriferieure a celle des 3 segments 
abdominaiix suivants r(3unis. Les deuxicme ct troisieme segments 
abdoininaux sont de longueur a peu pres egale entre eux ; le quatrieme 
est de longueur moindre. Rebord distal (lu quatrieme segment abdo- 
minal portant sur sa face ventrale une raiigee de petites epincs. Oper- 
cule anal de dimensions normales. Branches de la furca nettement 
divergentes. Elies surpassent en longueur celle des troisieme ct quat* 
riemc segments abdoininaux reunis. Elies sont environ 3 fois aussi 
longues que larges. La soie laterale externo divise la branc^he de la 
furca dans la proportion d’environ 64 a 18. La soie apicale externe 
est forte et asscz courte ; la soie apicale interne est un peu plus de deux 
fois aussi longue et tres mince ; les deux soies apicales rnedianes sont 
bieii devcloppees. La longueur des soies apicales etait chez deux sp(5- 
cimeiis (du dedans au dehors) : 92, 225, 175, 43 [x et 87, 218, 173, 42 (x. 
Premiere antenne a 11 articles; rabattue clle depasse le milieu du pre- 
mier segment cephalothoracique ; le cinquieme est Tarticlc le plus 
court ct le premier le plus long. Branches des pattes natatoires bi- 
articul^es. La formule dcs epincs est de 3. 4. 4. 3 ; le nombre des soies 
de Tarticle terminal des exopodites est de 5. Article terminal de 1’ 
endopodite de la quatrieme paire de pattes environ 3 fois aussi long 
que large ; epine apicale interne longue et forte, to uj ours plus de 3 fois 
aussi longue que I’^pine apicale externe, elle atteint par fois 4 fois la 
longueur de cellc-ci. Les deux soies proximales du rebord interne de 
Tarticle terminal sont assez courtes ; la longueur de Tepine apicale 
interne surpasse la moitie de la longueur de Tarticle. Le bord libre de 
la lamelle r6unissant la quatrieme paire des pattes est presque droit ; 
il pr6sente dcs 61evures lat^ralcs au niveau des autres paires. Cin- 
quieme pattc formic seulement d’ une soie munie do petits poils. Re- 
ceptacle seminal ressemblant dans les grandes lignes a celui de Tespece 
prec6dante. Ovisacs accoies contre Tabdomen, n’atteignant pas Tex- 
tremite de la furca ; ils contiennent chacun de 6 k 10 oeufs, assez gros. 
Couleur bigarree jaune — orange dans les parties centrales du 
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c^phalothorax, noiratre et rose — saumon ailleurs ; oeufs tr6s fonc&i, 
vert — noir. Maie inconnu (Figs. 6, 7, 8, 9, 10). 

Habitat, — R6coltc au mois de novembre en tres petit nombre, dans 
une carri^re abandonnee, remplie d’eau, a surface couverte de Lemna 
a Paudharpour (Deccan), en compagnic de M. leuckarti et de 
M. rylovi vermifer. 

Retmrques , — La seule espece dont sc rapproche le G. (M.) tricolor est 
le C. (M.) linjanlicus, Kiefer, recoltc dans TAfrique du Sud. II s’cn 
distingue par les caracteres indiques au tableau comparatif ci-dessous. 


a, LINJANTICUS, 

Braiu’licH <!c la furca 3*5 fois aussi longues 
(|Uo larges. 

Solo apicalo niotliane interne 4 fois aussi 
longue qii’uno branoho do la furca. 

JleH8eml)le beaucoup dans sa configuration 
0, bicolor. 


G, TRICOLOR, 

Branches de la furca plus courtes ; environ 
3 fois aussi longues que larges. 

Soio apicale inediano inferno n’atteint 
pas 4 fois la longueur d'unc branche 
de la furca. 

So distingue nettement du 0, bicolor 
taut par la configuration <Ju oinquidmo 
segment thoracique que par cello do la 
furca et do scs appendices. 


Cyclops (Microcy clops) varicans, pachy spina, subsp. nov. 

Description, — Espece relativoment grande et robusto. Longueur 
de la ffunello adulto de 700 (jl a 760 jx ; largeur do 280 (ji a 285 [jl. Rap- 
port entre la longueur du Cf^.phalothorax et colle de la queue de 1*76 : I 
2*2 : 1. Rapport entre la longueur et la largeur du cephalothorax 
de I’OO : 1 a 1*73: 1. Longueur du premier segment cephalothoraciquo 
inferieure on egale a sa largeur ; il depasse en longueur cclle dcs 4 seg- 
ments suivaiits leunis. Cinquiemc segment thoracique portant sur le 
r(‘bord lateral un(‘. longue soie courbee. Premier segment abdominal 
moins long quo large proximalement ; il se retrecit graduellement dans 
sa partie distale ; sa longueur est inferieure a celle des 3 segments abdo- 
minaux suivants reunis. Branches de la furca paralleles ou tres legere- 
iiKUtt divergentes ; elles surpassent uii pen la longueur dcs troisierae 
et quartrieme segments abdominaux reunis. Le rapport entre leur 
longueur et leur largeur est de 3*2 : 1 a 3*6 : 1. La soie apicale externe 
est forte et relativeineut longue ; la soie apicale interne est tres mince 
et consuUrablement moins quo 2 fois la longueur de la soie apicale ex- 
terne. La longueur des soics apicalcs 4tait chez trois femelles adultes 
(dll dedans au dehors) : 63, 342. 217, 37 fx ; 67, 342, 234, 47 p ; 77, 334, 
234, 47 p. Pennation des soies m6dianes h6teronyme (de meme que 
chez les deux especes pr6c6dantes). Premiere antenne a 12 articles ; 
les troisiemc et sixieme sont les plus courts, et les premier, huiti6me 
et neuviemo les plus longs. Rabattuc, la premiere antenne atteint 
le rebord posterieur du premier segment c^phalothoracique. Branches 
des pattes natatoires bi-articul6es ; formule des 6pines de 3. 4. 4. 3. Arti- 
cle terminal de Tendopodite de la quatrieme paire des pattes plus do 
3 fois et pres de 3 fois et demi aussi long que large ; ce rapport ^tant 
Ic plus souvent do 3*4 : 1. Epine apicale interne tres fortement 6Iargie 
dans sa partie proximale ; elle est notablement plus courte que Tarticle 
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qui la porte ; ce rapport 4tant de 1 : 1.52 a 1 : 1-62. Epine apicale 
oxterne beaucoup moins bien dev61opp6e. Le rapport entre la longueur 
de rapine apicale interne et celle de I’^pine apicale cxterne est environ 
de 1*6 : 1 1*7 : 1. Cinquieme patte form6e seulement d’une soie penn6o 

attach6e a un article basal bien d4v61opp6. Je n’ai pas observe d’6pine 
sur le rebord interne de Tarticle. Receptacle seminal ressemblant dans 
les grandes lignes a celui du C. (ilf.) varicans. Ovisacs diriges au dehors 
et pouvant depasser Textremite de la furca ; ils contiennent chacun 
de 15 i 18 oeufs de grosseur moyenne. La couleur n’a pas ete observee 
a retat vivant. Male inconnu. (Figures 11, 12, 13, 14, 15). 

Habitat. — L’etang a Cansaulim (Goa) dans lequel fut trouve le 
C. {M.) diminutus deja decrit. Seulement quatre femelles adultes 
furent recoltees dans le mois de novembre. 

Remarques . — Le microcyclope qni vient d’etre decrit se rapproche 
beaucoup du C. (M.) varicans mais s’en distingue notamment 
par la configuration de Tarticle terminal de Tenp. 4 qui est plus allonge, 
et par la structure trds particulidre de repine apicale interne de cet 
article, cette epine etant trds fortement epaissie dans sa partie proxi- 
male. 

Planche 11. 

1. G. (M.) diminutus . . . $ Premiere antenne. 

2. C. {M.) diminutus . . . 9 genital. 

3. C. (M.) diminutus . . ,9 Furca. 

4. C. (M.) diminutus . . .9 Lamelle r^iinissant base de la troisi^me paire 

des pattes. 

6. G. {M.) diminutus . . .9 Article terminal de I’enp. 4. 

6 . G.{M.) tricolor , . .9 Premiere antenne. 

7. G. (M.) tricolor . . .9 Segment genital. 

8 . C, (3f.) tricolor . . .9 Furca. 

9. G. (M.) tricolor • . .9 Premidre paire des pattes. 

Planche III. 

10. G. {M.) tricolor . , ,9 Article terminal de Tenp. 4. 

11 . G. (M.) varicans var. pa- 

chyspina • • .9 Premiere antenne. 

12. G. {M.) varicans var. p«- 

chyspina . . .9 Segment genital. 

13. G. (M.) varicans var. pa- 

chyspina , . .9 Furca. 

14. O, (if.) varicans var. 

chyspina • • ,9 Article terminal de Tenp. 4. 

15. G. (if.) varicans var. pa- 

chyspina • • ,9 Cinquieme patte. 









ON A COLLECTION OF INDIAN EARTHWORMS OF THE FAMILY 

LUMBRICIDAE. 


By Dr. L. Cernosvitov, Zoological Institute, Charles University, Prague, 

Terrestrial forms constitute the bulk of Indian Oli^ochaete fauna. 
All the Indian families, with the exception of the family Lumbrieidae, 
belong to tropical families, which show a connection of the Indian fauna 
with Australia and New Zealand (all Mogaseolecidao), Malay Archipelago 
(the genera Pheretima and Besmogastcr), IMadagascar (the genus Houns- 
colex), Africa (the genera Gordioclrilus and Dichogaster) and Central 
America (the family Diplocardiidae). The territory of the endemic 
species of the family Lumbrieidae includes Middle and C(mtral Europe, 
North Africa and a part of North America (the eastern part of the United 
States). In Asia endemic species are known from Palestine, Syria, 
Turkey, Persia, Caucasus, Turkestan, Tian-Shan, Tibet, Japan and 
India. 

The northern limit of the territory of endemic species of Lumbrieidae 
in North America and Europe, coincides with the limit of glaciation during 
the Ice Age, and tlicir present-day dustribution may be explained by 
the influence of the ice cap which covered the northern part of Europe 
and North America (Michaelsen 1903, Cernosvitov 1932 ; 193r)rt). The 
exact limits of the Lumbricid territory in Asia are not well known and 
the study of any fresh material, therefore, is not without interest. A 
few endemic species of Lumbricida(^ are known from Tian-Sluin, Tibet 
and Japan. The Indian fauna includes only 4 such spechvs — Bimnsius 
indieus (Mich,), Eophila marivnsis (Stepli.), Dendrohaena kenqn (Steph.) 
and Allolobophora prash/tdi (Steph.). They are all concentrated in the 
Himalayas and the range of only one—Bimastus indieus (Mich.) — extends 
ns far as Calcutta. This species is considered by Stephensen (1923, 
1930) as the southernmost outpost of Lumbrieidae, having spread in a 
southerly direction from the north— the Himalayas proper representing 
the line of separation between the Palaearctic and Oriental faunas of 
Earthworms. 

In the following pages I deal with a collection of Lumbrieidae 
belonging to the Indian Museum. My thanks are due to Dr. B. Prashad, 
Director of the Zoological Survey of India, for the opportunity of examin- 
ing it. 

Amongst the 11 species identified there are two peregrine species 
which are recorded for the first time from India ; these are Eiseniella 
tetraedra (Sav.) f. typica and Octolasium cyaneum (Sav.). Two other — 
Allolobophora jassyensis (Mich.) and Eophila himalayana, sp. nov. — are 
apparently Palaearctic forms, though the latter may be endemic in India ; 
both the species, however, are found in Western Himalayas (Punjab) 

r 105 1 
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and this supports the general conclusions of Stephenson on the distri- 
bution of Indian Lumbricidao {vide map, text-fig. 1). 



/iiniahtf/nmt, Ti. Kup/iiht ;in(i (>. Iiinni>>tus indirufi. 

Ill tlie following list of tin* Tn<lia.n Lumbricidao species marked with 
an asterisk are truly endemic species, while the others an* the so-called 
peregrine species which are widely distribute<l almost all over the world, 
and are, therefon*, of no importance in zoogoographic discussions. 


List of Indian Lumbricidae, 

Eisvniiila idraedra (Sav.) forma typiva, 

Eisev i a fodi da ( Sav. ) . 

Eisenia rosea (Sav.). 

Dnalrobacvn rnbida (Sav.). 

Devdrobacna subrubicnmla (Eisen). 

* Dendrobama lewpi (Steph.). 

Allolobo])hora caliyinosa (Sav.) forma fypica. 

Allolobophora caliyinosa (Sav.) forma trapezoides (A. Dug.), 
*A11olobophora prashadi (Steph.). 
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* Allolobophora jassyensis (Mich.). 

* Eophila mariensis (Steph.). 

* Eophila himalayana^ sp. iiov. 
Bimastus tenuis (Eisen). 

Bimustus eiseni (Lev.). 

Birnastus panms (Eisen). 
"^Bimastus indicus (Mich.). 
Octolmium lacleum (Orley). 
Oclolasium cyaneum (Sav.). 
Lumhricus ruhcllus HofTm. 


Eiseniella tetraedra (8av.) forma typica. 

Kuniaoii Hills, Dhobi OluO, 2 miles east 1\ W. 1). IbitJ^alow. Dr. II. S. 
Pruthi eoll., 2 spceimciiK. 

Kumaon Hills, Tlio Lake, Naini Tal ; alt. 6,259 It, Dr. II. S. Pruthi eoll., 
2 s])ceimens. 

This species has not been recorded from India l)ut is \vid(*ly distri- 
buted all over. One of tlie spee.im(‘ns examiiHal had a reocn(‘rat(‘d 
anterior part of the body : the male pores were situated on 
xii and the clitellum on segments xxi-xxvi. 

Eisenia foetida (8a v.). 

Kodaikaaal, Paliii Hills, S. India. Dr. S. L. Ilora eoll., 19 f-M \ H|)(*eimenM. 

Kodaikanal, Palni Hills, y. India from dung luji)). Dr. S. L. Hora <oll., 
21-| 32 sjjecimens. 

Kodaikanal, Palni Hills, S. India along edge <»!’ a stream m‘ar Holt Link on 
way to Pillar Rocks. Dr. S. L. ILna eoll., 41 mostly mature speeimcMis. 

Pern Hills, Nilgiris, S. India. Dr. *S. L. Hora eoll., 21 speeinu'us. 

8imla, VV'. Himalayas; alt. 0,t)()0 -7,000 ft. Dr. R. ('hopra eoll., 7 | 2 sjjeei* 
mens. 

Dharrasala, T'nnjab — from a heap of cow-dung. Dr. S. L. Hora coll., 4 speei- 
mciis. 


Eisenia rosea (Sav.). 

Cart Road, Murree, \V. Himalayas, Punjab. Dr. 11. S. Pruthi eoll,, speei- 
mens. 

Dhar, Murree Sub-Divn., \V. Himalayas, I’unjab. Dr. If. S. I’ruHii c«)ll., 1 
specimen. 

Simla, \V. Himalayas. 1 specimen. 

Kodaikanal, Palni Hills, 8. India— (Ui the way to Rillar Rocks. Dr. S. L. Hora 
coll., 1 not fully mature specimen. 

Hambhur River bank at Rambliur, Rambhur Valley, Chilral. Dr. 11. (^hopra 
coll., 1 specimen not fully mature. 


Dendrobaena subrubicunda (Eistui). 

Simla, W. Himalayas ; alt. 6,000—7,000 ft. Dr. R. Choj)ra eoll., 2 specimens. 

The two specimens examined differ in some rtispects from the 
European individuals, chiefly in the arrangement of the setae. Tliis 
species has been recorded from India and is widely distributed in other 
parts of the world (Europe, Siberia, North and South America), and I 
am, therefore, not inclined to regard the two aberrant specimens from 
India as representing a new variety. I include a brief description of 
these specimens for future reference. 
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Length 82 and 7G mm. Segments 114. Prostomium epilobous (|) 
or almost tanylobous. Anterior part of the body compressed dorso- 
ventrally, posterior end rounded. Skin pigmented strongly only on 
dorsal surface, posterior end very slightly pigmented. Setae widely 
paired, ab=rcd, aa~2ab, bc=^l}^ ah (in European specimens 6c— 2cd, cd--ab, 
aa=l§ a6.) Ventral surface of segment xvi is glandular and the setae 
ab arc situated on prominent papillae. Clitcllum on segments xxvi-xxxi. 
Tubercula of puberty on segments xxviii«xxx. 

Allolobophora caliginosa (Sav.) forma trapezoides (A. Dug.). 

Fem Hills, NilgiriH, S. India. Dr. S. L. Hora coll., I spociinon. 

Bara Hotar, Murree Nub-Divn., W. Hiuialayas, I'unjab— under stones. 
Dr. H. S. PruUii eoll., 1 speeiiMon. 

On hills sides at Jotla, Kangra Dist., Punjab — under stones. Dr. H. L. Jiora 
coll., 1 Hj)eeinien. 

Kufri, Simla Hills, W. Himalayas ; alt. 8,400 ft. Dr. B. Chopra eoll., 15 speci- 
mens. 

Simla, W. Himalayas ; alt. O,!)!)!)— 7,000 ft. Dr. B. Chopra coll., 4 specimens. 

Asni River near Junga, Simla Hills, W. Himalayas; alt. 4,000 ft. Dr. B. 
Chopra eoll., 1 spc'cimen. 

Simla, W. Himalayas. 5 specimen.s. 

Kiinusk, Chitral. Dr. B. Chojmi coll., 17 spe<‘imens. 

Rambliur River bank at Ranibhur, Rambhur V’alley, (liitral. Dr. B. t!hoi)ra 
eoll., I specimen. 

Under stones along banks of an irrigation channel olf the Pallarga stream close 
to its junction with the Rambhur River, Ramlduir Valley, Chitral. 
Dr. B. Cho])ra coll., 17 specimens. 

A cultivated Held near Uts or “Hot Sju’ings ”, Lutkuh Valley, Chitral. 

' Dr. B. dioju'a coll., lM specimen.s. 

Umler stones along b.iuks of a small stream above ('hanin, Mastuj Valb'y, 
('hitraJ. Dr. B. Chofira eoll,, I sptM'imen. 

Ramram Gol below Arandu, Chitral. Dr. B. Chopra eoll., 1 .sj>eeimen. 

Ill the largo number of specimens from Chitral the spermathecao ar(‘. 
oblit(*ratod in tin* muscle sheath. In dissections such specimens 
presented no sptTiiiathecae, but these were discovered in sections of the 
body wall. Such a ease I described rectmtly (19356) in Eophila crypto- 
cyshs and Pool (193G) has shown that Allolobophora dubiosa (Urley) which 
was descTibed as having no spermathecac really has these organs, but 
tlu’y are embedded in the muscles of the body wall. That permits us 
to doubt if in other species such as Allolobophora acystis (Mich.), A. 
prashadi (Steph.), A. ribaucourli Brctsch., A. agatschiensis Mich., and 
some others, the spermathecae are not so deeply embedded in the muscles 
that they cannot be seen in dissected specimens. 

Allolobophora jassyensis (Mich.). 

Topa, Murreo Sub-Divn., W. Himalayas, Punjab ; alt. 7,250 ft.— under stones. 
Dr. II. S. Pruthi coll., 2 specimens. 

This species is widely distributed. We have no records about the 
occurrence of A. jassyensis from India, but it is known from Europe 
IKuraania (Jassy), Switzerland, South Kussia (Mariupol Dist.)], Pales- 
tine, Egypt (Cairo), Turkestan (Tashkent), Caucasus (Baku, Lenkoran 
Dist.) and West Tian-Shan (Pokem River). 

I had the opportunity of studying only two specimens from 
the Punjab. The largest of these is 76 mm. in length and 5 mm. thick 
and has 150 segments. Intersegmental furrows well marked. Setae 
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paired very closely, a6>cd, ah a little larger than 6c, behind the clitel- 
lum aa=l^ be, Prostomium cpilobous (4). The setae ah on the x, xi, 
xxvii and xxviii or only xxvii segments situated on glandular papillae. 
The dissepiments 7/8-9/10 strongly thickened, 6/7 and 10/11 only 
slightly. Clitellum in both specimens extends over segments 
xxvii-xxxvi, and the tubercula of puberty over segments xxxi-xxxiv. 
In the larger specimen only two pairs of seminal vesicles are developed, 
as was observed by Michaelsen (1910) in specimens from Turkestan. 

Eophila himalayana, sp. nov. 

Simla, W. Himalayaa ; alt. 6,000 — 7,000 ft. Dr. B. Chopra coll., 2 apccimcna* 
Length of mature specimens 5'2 and 63 mm. diameter of anterior 
end about 2'5 mm., posterior end about 2 mm. Body rounded throughl 



Text-fio. 2 . — EojfhiUi hhnalayandt sp. nov. 
a. ventral view, 6. side view of the anterior part of a Hpecimen. 

out. Segments about 128, large with well marked intersegmental 
furrows. Colour of alcoholic specimens yellowish, only the clitellum 
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dorsally reddish ; skin without pigment. Prostomium epillobous (^). 
No dorsal pores could be discovered before the clitellum. Setae small, 
closely paired. Anteriorly ab a little larger than cd, aa=:^ab, bc^2^ ab, 
posteriorly ventral and dorsal pairs are more widely paired than 
anteriorly, ab a little larger than cd, aa~2ab, ab—bc'>cd, dd=\u. 

The ventral setae {ab) of segment xi in one specimen only on the left 
side of the body on prominent elevated rounded glandular papilla of a 
lighter colour than the surrounding skin. In other specimen on one 
side of the body the setae of segment xi on the other of the segment xii 
on similar papillae (text-fig. 2a). 

Septa in the anterior part of the body not thickened. Last hearts in 
segment xi. Gizzard in segments xvii, xviii. Intestine with calciferous 
glands in segments xi-xiii. 

Clitellum saddle-shaped, with indistinct intersegmental furrows, 
extending over segments xxx-xxxv (—(>). Puberty “ walls ” well marked, 
extending over the segments ^ xxx-| xxxv, close over the lines of setae 
6. Male pores in the form of big transverse slits on segment xv with 
large elevated glandular areas extending on segments xiv and xvi, and 
obliterating the intersegmental furrows (text-figs. 2 a, b). 

Two pairs of free testes and funnels in segments x, xi. Two pairs 
of very small, simple seminal vesicles in s('gmonts xi, xii. Two pairs 
of spermathecae opening in intersegmental furrows 9/10 and 10/11 in 
line of setae vd. The ampullae are large, sessile*, without a prominent 
duct. 

The new species of Eophda described above is allied to li. 
tyrtca (Uibauc.), but differs in the presence of sp(*rmathecao, form of 
male pores and position of first dorsal pore. 

Bimastus tenuis (Eisen). 

Kudaikanal, Puliii HiUn, 8. fndia. WuriiiH soen to li\ (* in tubcH tbriiied by thoir 
Hlinio. Dr. 8, ]j. Hora lolJ., CO 

Fern Hills, Nilgiris, 8. Jiidiu. Dr. 8. L. Hora roll., 8 .sj)ccimeii8. 

Asiii River near Junga, 8imla Hills, VV. Himalayas ; alt. 4,000 ft. Dr. B. 
C’hopra coll., 1 8ix*iimen. 

Among the great number of examined specimens from tlie first locality 
I found some with well developed spermatheeae, tliis is not often 
the case in B, tenuis, as it normally does not possess these organs. One 
specimen presented 2 pairs of fully developed spermathecae in the line 
of setae c, the other only one and one duct without the ampulla on the 
left side of the body in intersegmental furrows 9/10 and 10/11. Three 
other specimens had on the left or right side only one spermatlieca with 
the ampulla situated in intersegmental furrow 9/10 or 10/11. Similar 
cases have been described by Smith (1917, 1928) and the author (1935a,' 
1936) in specimens from the United States and France and by Eisen 
and Michaelsen in B. norveyicus (Eisen) which I (1935a, 1936) regard 
as a synonym of B. tenuis (Eisen). 

The clitellum in Indian specimens usually extends over segments 
xxvi-xxxi, but in one case (from Asni River, Simla Hills) over segments 
xxiv-xxx. The tubercula of puberty are developed in many cases, 
especially in the specimens with well developed spermathecae ; they 
usually extend over segments xxix* 2 cxx. 
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Bimactus parvus (Eisen). 

A cultivated field near Uts or “ Hot Springs ”, Lutkuh Valley, Chitral. 
Dr. B. Chopra coll., 1 specimen. 

Ramram Gol below Arandu, Chitral. Dr. B. Chopra coll., 5 specimens. 

Octolasium cyaneum (Sav.). 

Murree near Sunny Bank, W. Himalayas, Punjab ; alt. 6,500 ft. Dr. H. S. 
Pruthi coll., 2 specimens. 

Cart Road, Murree, W. Himalayas, Punjab. Dr. H. S. Pruthi coll., 1 speci- 
men. 

This species is widely distributed in Europe, but has also been found 
in Australia and South America (Argentine). From India it is being 
recorded for the first time. 

Octolasium lacteum (Orley). 

Dhar, Murree Sub-Divn., W. Himalayas, Punjab. Dr. H. S. Pruthi coll., 9 
specimens. 

Cart Road, Murree, W. Himalayas, Punjab. Dr. H. S. Pruthi coll., 4 speci- 
mens. 
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NOTES ON THE LARVA AND PUPA OF AMPHIPSYCHE INDICA 
MARTYNOV [INSECTA: TRICHOPTERA]. 

By H. A. Hafiz, Ph,D. {Lomhni), 2). I. C, {London), Assistant Superin^ 
tendent, Zoological Survey of India, Calcutta., 

Inttiohuctton. 

Large numbers of larvae and pupae of a Trkihopteraii of the family 
Hydropsychidae were found attached to the walls of the main storage 
tanks and filter-beds of the main water pumping station at Pulta which 
is situated on the southern bank of the river Hooghly about seventeen 
miles north of Calcutta. They were met with during May, 1936, in the 
course of an investigation of the biology of the aquatic fauna of the main 
pumping station underiaken by the Zoological Survey of India at the 
instance of the Calcutta Corporation. The adults of the species, which 
were sent to Dr. A. B. Martynov, Moscow, have been identified as AmphU 
psyche indica Mnrtynnvh The earlier stages of no species of the genus 
Amphipsyche McLachlan have, so far as I am aware, been described, 
and as A, indica appears to have some importance in connection with 
the filter-beds, I have thought it opportune to record my observations 
on its biology and describe its larval and pupal stages. 

I am obliged to Dr. A. B. Martynov, U.S.S.R., for the identification 
of the adult Caddis-flies, and to Dr. Baini Prashad, Director, Zoological 
Survey of Indio, for lielp in preparing this paper for the press. 

Description. 

Larva (Text-fig. a ), — Length 12 mm., width 3 mm. General coloura- 
tion greenish approaching Roman green dorsally ; ventrally somewhat 
lighter. All horny parts of head and thorax yellowish brown with black 
markings in the lateral margins of pro-, meso-, and metathorax. 
Thorax as a whole paler than head, whicli is dark brown ; dorsal surface 
flattened forming a broad disc or the false clypeus, beset with numerous 
closely placed bristles and enclosed by a heavy horse-shoe-shaped carina. 
The Carina crosses the true clypeus near its apex, but does not distinctly 
set off the small triangle characteristic of genera like Macronenui Piet. 
Long bristles at the anterior corners of head just above the lateral eyes, 
which are of a dark browm colour. Mandibles dark brown, with long 
stiff hairs at the outer margin posteriorly. Right mandible with five 
teeth on its inner margin, fifth situated about the middle (Text-fig. 6). 
Left mandible with six teeth, fifth and sixth situated close together about 
the middle (Text-fig. c). The first tooth in both the mandibles is raised 
above the second and pointed ; the rest in one plane and blunt ; sixth 
tooth of left mandible with a dent in the middle. 

Legs yellowish brown, beset with numerous hairs. Coxae with black 
markings at points of attachment to body. Short accessory claws present 
in all legs. Accessory claws of prolegs absent. 

» Martynov, A, B., Kec. Ind , Mus., XXXVII, p. 199 (1935). 
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Thoracic and abdominal tracheal gills present. Anal gills absent. 
The following table shows the distribution and arrangement of gills on 
the left side of the larva : 


Thoracic segments. 


Abdominal segments.. 



II 

III 

1 

I 

II 

III 

IV 

■ 

VI 

VII 

VIII 

D. 

1 

nil 

1 

nil 

2, 1 

2, 1 

2. 1 

B 

2.1 

2, 1 

2 

L. 1 

nil 

nil 

1 

2 

2 

2 

H 

2 

2 

nil 

V. 

1 

1 

1 

1 ^ 

1 

1 

1 

1 

nil 

nil 


D.— Dorsal ; L.=Iiateral (half-way between D. and V.); V.=- Ventral; l.=single 
filamentous gill, and 2.>=gill compoKcd of two separate filaments. 


The single filamentous “ Dorsal ” alxlontinal gills situated near the 
posterior margins of th(‘ir rospi^ctive abdominal segments and dorsad 
of the other “ Dorsal ’’ gills whieii are composed of two distinct filaments. 
The ninth abdominal segment liears ventrally two somew^hat oval* patches 
of short, spikedike, dark brown bristles; those forming the outer fringe 
are considerably longer than tlio middle ones (Text-fig. d). 

Pupa (Text-fig. e ). — Length 10 mm., width 2*5 mm. Tho pupae 
when removed from their sheaths are dull greenish to dirty whitish. 
Head and thorax not chitinized. Eyes large and well developed. Legs 
white, w'ell developed and compactly placed on the ventral side. 
Antennae whitish, long, and closely pressed against the sides of the entire 
length of the body, ends curbed up into coils at tho posterior extremity. 
White leaf-like developing wings closely pressed against the sides of the 
thorax. The two oval patches of bristles on tlie ninth abdominal segment 
present in the larval stage have disappeared. Abdominal gills present 
though somewhat degenerate. Fourth abdominal segment dorsally 
hairy. Abdominal segments 3, 4, 5, 6, 7 and 8 bear dorsally on either 
side of the mid-dorsal line near the upper margin a pair of minute reddish 
pectinate structures lying flatly on the segments with the teeth of the 
combs pointed backwards. Segment 3 near the lower margin with a 
pair of narrow obliquely situated patches of minute reddish bristles in 
addition to the pair of pectinate structures (Text-fig. /). Long stiff 
hairs on the anal segment posteriorly. Mouth parts fairly well deve- 
loped ; mandibles folded on each other transversely like the blades of 
a penknife, with the right one anterior to the left. 

Ijirval and pupal cases . — Length 11 mm., diameter 3*5 mm. The 
cases of both the larvae and the pupae are cylindrical and somewhat 
arched in the middle. They are made of some tough material, with 
minute sand grains mixed in it. Posterior end rounded and closed. 
Anterior end closed with a firmly attached disc-lilce plate in the pupae 
only. Both the disc and the rounded posterior end are provided with 
a number of minute slits in their middle. The cases are attached side 
by side like a honey-comb in two to three tiers. 
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Large mats of these cases were found attached to the sides and bottom 
of the outlet channel which discharges water from the final settling tank 



Amphipsyche indica Martynov. 

a. Dorsal view of larva, X 4 ; 6. right mandible of larva, X 40 ; c. loft mandible 
of larva, x 40 ; d. ventral view of the posterior extremity of larva showing the two 
ovalish patches of bristles on the 9th abdominal segment and the prolegs, X 30 ; c. side 
view of pupa, X 6 ; /. dorsal view of the abdominal segments of pupa showing the posi- 
tion of pairs of pectinate structures and patches of bristles on the third segment, x 12*5. 


to the various filter-beds. Along with these mats of cases, some of them 
measuring 18 inches by 12 inches, colonies of the fresh water sponge, 
Corvospongilla lapidosa Ann., were found adhering to the sides and bottom 
of the outlet channel. A few larvae were also found living in the channels 
of the sponges. Large numbers of dead larvae and pupae were found 
in the intake chambers of the filter-beds. A few pupae were collected 
from the walls of the filter-beds. The larvae invariably perished in 
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aquaria in the laboratory and hence their feeding habits could not be 
studied. 

Dense swarms of the adult A. iudica were observed on 15th May 1936 
at about 6-15 p.m. just before dark flying low over thick growth of plants 
in the compound of the water-works in the neighbourhood of the filter- 
beds and the final settling tank. Comparatively larger numbers of 
these were also attracted to light on this particular night. 

The larva of A. indica shows characters common to the subfamily 
Macronematinae but differs from the genus Macronema Piet, in the 
absence of the small triangle set off on the dorsal surface of the head, 
where the carina or the false clypeus crosses the true clypeus near its 
apex. The closely related genus Hydropsyche Piet, differs from Amphi- 
psyche McLachlan in the absence of the carina. 
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CHANGES IN THE INTERNAL STRUCTURE OF THE AIR-BLAD- 
DER OF PANGASIUS PANGASIUS (HAM.) DURING GROWTH. 

By K. Krishnan Nair, B.A. 

(From the Laboratories of the Zoological Survey of India.) 

In the course of his taxonomic studies, Dr. S. L. Hora^ found consi- 
derable variation in the form of the air-bladder of Pangasius pangasius 
(Ham.), and from an examination of the material in different stages of 
growth he was able to reconcile the divergent accounts of its structure 
by Taylor, 2 Day,® and Bridge and Haddoii.^ Further, when dealing 
with the correlation between the disposition of the liver and the kidney 
and the form of the air-bladder in Pangasius, he® indicated that under 
the pressure of the growing kidneys, the form of the air-bladder under- 
goes a series of changes. Dr. Hora’s studies were, however, limited 
to the modifications in the external form of the air-bladder, but he 
recognised the need for a detailed study of the internal structure of the 
organ during growth. Being unable to devote much time to morpho- 
logical work. Dr. Hora very kindly entrusted his material to me, and 
helped in collecting material of other stages from the Cakuitta markets. 
I have thus been able to dissect specimens ranging in length from 91 mm. 
to 88e^ mm. In the following account of the structure of the air-bladder, 
I have followed the terminology of Bridge and Iladdon. All the 
drawings reproduced here were made by me with the help of a. Camera 
Lucida. 

I am very grateful to Dr. Baini Prashad, Director, Zoological vSurvey 
of India, for affording me the necessary facilities for work in his depart- 
ment. The work has been carried out under the supervision and guidance 
of Dr. 8. L. Hora, to whom I am indebted for the material, valuabh^ 
suggestions and constant encouragement. My thanks are also due to 
Dr. T. N. Poddar, Professor of Biology, Carmichael Medical College, 
Calcutta, for his help in procuring a part of the material, and to Babu 
D. N. Bagchi, the senior Artist of the Zoological Survey of India for 
helpful suggestions in connection with the preparation of the illustra- 
tion. 


Description of the Material. 

1. Hize of specimen : 91 mm, in total length, (Text-fig. 1, a and b). 
The air-bladder of a specimen 91 mm. in total length (fig. 1) consists 
of a large anterior portion which is like a normal bladder, and also of a 
posterior portion which is in the form of a caecum. The anterior portion 
is broad in front and oval behind. The posterior portion is very small 


^ Dr. Hora very kindly aUowed me to see his manuscript on the revision of the 
Schilbeidae which is to be published in the Becords of the I ndian Mmemi, 

* Taylor, Gleanings in Science, p. 171 (1830). 

* Day, Proc, Zod. Soc, London, p. 709 (1871). 

* Bridge and Haddon, Trane, Boy, Soc, London (B) CLXXXIV, pp. 214-219 (1894). 

* Hora, Proc, Nai, Inst, Sci, India, III, pp. 31-43 (1937). 
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and is covered dorsally by the kidneys but exposed ventrally. The 
anterior portion is divided internally into one short but broad anterior 
chamber [ac.) situated in front of the transverse septum [Is.) and two 
lateral chambers, (/c.) one on either side of the longitudinal {Is.) wseptum. 



Tbxt-kkj. 1. — Air-bla(ld(U* of h siK'oimrn of Pmujamus imnijasiuH (Uani.) Dl inm. in total 
length. x4. 

a. Dorsal half, h. Ventral half. 

^r.---the anterior eljanihcr ; ar.-- annular ridges; d/>. --opening of the diiotus 
pnouinaticus into (he hladdtT ; /r. -.-lateral ehamber; primary longitudinal 
Beptum; secondary longitmlinal septum; pr. =eae(?nm ; //. — root -like bundles 
of libres ; /w. primary transverse septum; si'eondary transverse septa; 

7;p.=: vertical pillars. 


From the tlii<-k transverse septum, another thin longitudinal septum 
{Is.^) grows forward atid meets the anterior wall of the bladder. This 
new septum is eoiifiiuxi to the ventral half of this portion of the bladder, 
and hence it does not bring about a division of the anterior chamber 
into two. This structure, which may be termed the secondary longi- 
tudinal septum, is not recorded by Bridge and Haddon. There is in 
addition a hollow pneumatic duct which connects the bladder with the 
oesophagus. The duct (dp.) opens into the bladder on its ventral wall 
just in the middle and in front of the primary transverse septum. The 
cavities of the two lateral chambers are subdivided and greatly broken 
up by the formation of numerous secondary transverse septa (ts.^) which 
grow out from the sides of the primary longitudinal septum and laterally 
terminate before reaching the outer walls of the chambers. The 
secondary septa are further strengthened, and the spaces they enclose 
additionally sacculated by the growth of root-like bundles of fibres 
(rf.) which extend in between the septa. The growth of the root-like 
fibres is more vigorous in the ventral half of the bladder (fig. 1 6) than in 
the dorsal. In the ventral half very little space is left free, as most of 
the area is occupied by septa and fibrous tissue. 

The posterior portion of the bladder, i.e.^ the caecum (pc.), communi- 
cates anteriorly with both the lateral chambers but terminates blindly 
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behind. The communication is effected by two holes, one on either 
side of the longitudinal septum. The walls of the caecum are free from 
ridgcis or any other thickenings. It may also be not(>.d tliat tlie walls 
of the posterior portion of the bhuldor are somewhat thickened and more 
opaque. The two antero-Iateral pockets bulge dorsally and possess 
transparent walls. At this stage, the walls of the air-bladder are in 
contact with the lateral cutaneous areas, there being no layer of fat 
between the two. Anteriorly the right half of the bladder is a little 
longer than the left. The kidneys extend along the sides of the bladder 
to more than half of its length. 

2. Size of specimen: 143 mm, in ioUil length (Text-fig. 2, a and h). 

The anterior portion of the air-bladder of a specimen 143 mm. in 
total length is similar in shape to the one described above, with the excep- 
tion that the number of the secondary transverse septa whudi 

arise from the longitudinal septum (Is,), and of the root-like bundles 
of fibres (rf.) at the ends of the secondary transverse septa is greater. 



Text-fig. 2. — Air-bladder of a specimen of Patujasim pangfisiii-^ (Kara.) 143 mm, in 
total length, x 3^. 

a. Dorsal half, h. Ventral half. 

For lettering sw explanation of text-figure 1. 

These root-like bundles of fibres along with the few annular ridges (ar.), 
which are dorsoventrally placed along the sides of the bladder towards 
its posterior end, contribute to the obliteration of the space inside the 
bladder. The secondary longitudinal septum which was just 

noticeable in the earlier stage described above, is more prominent. It 
is in the form of a ring, placed dorsoventrally iri the median portion 
of the anterior wall. 
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The posterior portion of the bladder (pc.) is now considerably longer 
and its posterior end almost extends to the base of the ventral fins. The 
tubular caecum is enclosed by the kidneys on the sides, but is exposed 
ventrally. It could also be seen at least in one place dorsally. The 
longitudinal septum does not extend into the caecum. The caecum is 
no longer a simple structure as its cavity is being filled up and the walls 
are further thickened and strengthened by a few annular ridges (ar.). 
Besides these ridges, there are other fibrous thickenings which arise 
from the ventral and dorsal walls. Towards the posterior end, the 
caecum is suddenly narrowed. The narrow region is devoid of ridges. 
There is very thin layer of fat between the bladder and the lateral cutane- 
ous areas towards the posterior end of the latter, but towards its anterior 
end the fat layer is absent, and consequently the skin comes in contact 
with the bladder in that region. 

3. Size of sjjecirnen : ISl mm. in total letiythJiTe\t-i\g. 3, a and 6). 

In the anterior portion of the bladder, there are a number of secondary 
transverse septa (ts,^) and root-like fibrous growths {rf.). The annular 
ridges {ar.) along|[[tho sides arc more numerous. Practically everywhere^ 



Tkxt-fiq. 3. — ^Air-bladder of a specimen of PangaMua pangasitts (Ham.) 181 mm. in 
total length. X 2^^. 

a. Dorsal half, h. Ventral half. 

For lettering see explanation of text-figure 1. 

the walls of the bladder are thickened. Even the anterior chamber 
(go.) is invaded by the fibrous roots of the primary transverse septum 
(ts.). In this stage the primary longitudinal septum {k.) arises from 
the left extremity of the transverse septum^ and not from the middle 
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of it, as is generally the case. The longitudinal septum, at this stage, 
extends into the cavity of the caeeum for a very short distance. 

Tlie tubular caecum (]x\) originates entirely from the left half of the 
bladder instead of from the median point. It is covered on the sides 
by fairly thick layers of fat and extends as far as the base of the ventral 
fins. The walls of the caecum are strengthened by a number of annular 
ridges (ar.). A short distance in front of the posterior end, the wall 
on one side of the caecum is constricted. This may be an indication 
for the formation of an additional chamber. 

There is a thin layer of fat between the walls of the bladder and the 
lateral cutaneous areas so that the walls are not directly in contact with 
the skin. There is an uneven layer of fat which covers the whole of 
the ventral surface of the bladder and a portion of tlie dorsal surface 
as well. The posterior half of the anterior portion of the bladder is some- 
what compressed, probably owing to the lateral pressure (‘xerted by the 
kidneys. 

Judging from Bridge and Haddon's* description of the bladder, it 
seems probable that they had a specinnui intennediatt* i»i si/e Ix'iwecui 
the last two stages described above. 

4. Size of Hpeemen : mm, in total length . 

The air-bladder of a specimen 205 mm. in total length is similar iu 
shape to the one described above, with the exception that the transverse 
septa, root-like fibres, and the length of the caecum are more pronounced. 
The tubular caecum extemds backward to a fourth of the length of the 
anal fin and is externally divided into three chambers. The caecum 
is very much strengthened by annular ridges. 

Day's^ description of the air-bladder appears to correspond with 
tlu? above description to a gre^at extent. 

5. Size of specimen : 303 mm, in total length (T(ixt-fig. 1, a and b). 

In a specimen 303 mm. in length, the air-bladder is long and narrow ; 

its walls are thick and hard. The anterior chamber {ac,) is very narrow 
and the lateral chambers (Ic,) are filled with annular ridges (ar,) and 
fibrous thickenings. The longitudinal septum is absent as such, but 
it is broken up into a number of vertical pillars (vp,) which fill up the 
space inside the bladder. The longitudinal septum (fe.) is present only 
near the junction of the two portions of the bladder. 

The tubular caecum is very long, about twice the length of 
the anterior portion of the bladder. The posterior half of the caecum 
is lodged within the ventral caudal musculature and the end of the caecum 
extends backward to more than a fourth of the length of the anal fin. 
The cavity of the caecum is almost filled by annular ridges, transverse 
and longitudinal thickenings. 

There is a thin layer of fat between the walls of the bladder and the 
lateral cutaneous areas. A layer of fat is also present on the ventral 
surface of the bladder. The caecum gives off a spine like projection 
from its dorsal wall, at about its middle. The dorsal half of the bladder 


* Bridge and Haddon, Trane, Roy, Soc, Lond&ti, (B), CLXXXIV, pp. 214<219 (1S94). 
‘Bay, Proe, Zodt, Soe, Londoup p. 709 (1871). 
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(fig. 4, a) is comparatively less invaded ])y the fibrous thickenings and 
annular ridges. 



Tjcxt-fio. 4. — Air-bladder of a Bpecimon of Pangnftius pangasnts (Ham.) 303 mm. in 
total length. X^r. The portion of the eaeenm, beyond the arrow is accommodated 
in the caudal muscles. 

a. Dorsal half. h. Ventral half. 

For lettering see explanation of text-figure 1. 

6. Size of specimen : fY)3 rmn, in total length. 

The air-bladder of this spe(umen is similar in all details to the one 
described above with the exception that the tubular caecum is definitely 
divided into two separate chambers by a constriction of the walls of 
the caecum. The caecum, which is folded on itself towards the posterior 
end, as shown in the case of the last stage, extends backward as far as 
the posterior end of the anal fin. The portion of the caecum, which 
is lodged in the muscles of the tail, is comparatively harder than the 
rest of it. 

7. Size of spccinmi : 460 rmn. in totul length (Text-fig. 5, a and 6). 

The anterior chamber {ac.) is very narrow^ I'be primary transverse 
septum (ts.) is very broad, and including its fibrous roots it is nearly 
as broad as the anterior chamber. There are no lateral compartments 
as such, for the space is filled by stout vortical pillars (vp.). These 
vertical pillars are roughly arranged in three row^s, and probably represent 
the longitudinal septum in the middle and the end portions of the second- 
ary transverse septa at the sides. A small portion of the longitudinal 
septum (Is.), the only remaining representative of the original primary 
longitudinal septum, extends into the caecum. The secondary long- 
itudinal septum (Is.^) is still represented here in a degenerating stage. 
The fact that it is degenerating is clearly shown by its absence in a 
bladder of a larger specimen, as shown below. There are very stout 
annular ridges (ar.) along the sides which strengthen the walls of the 
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bladder. In the dorsal half of the bladder (fig. 5, a) there are two regions 
along the sides, towards the anterior end which have a free space. These 



Tbxt-fiq. 5. a. cfc .“Air- Madder of u specimen of Patiya^iu,^ pangasiiiH (Ham.) 460 
mm. in total length. X Dorsal half. b. Ventral half. 

c. d. Air-bladder of another specimen of Pangaaiim panyanius (Ham.) 885 
mm. in total length. X^. r. Dorsal half, d. Ventral half. 

The portion of the caecum, beyond the arrow is accoinniodHtcfl in the caudal 
muscles. 

For lettering sec explanation of te.\t-figure 1. 


portions bulge upward and are accommodated in bony recesses on the 
sides of the vertebral column. 

The tubular caecum (pc.) is covered by a layer of fat for about half 
of its length, and extends as far back as three* “fourths of the length of 
the anal fin. About the middle of its length, it gives off a short blind 
caecum towards the right side. The caecum at this stage is much com- 
plicated and is divided into more than one chamber. Of these chambers, 
only the first two (i and ii) are connected internally with each other and 
with the anterior portion of the bladder as well. There are numerous 
annular ridges (ar.) and other thickenings on the walls. The caecum 
is very long, shallow and tough, with the walls greatly thickened. To- 
wards its posterior end, there are two places where the caecum is some- 
what compressed. 

There is a layer of fat betw^een the walls of the bladder and the lateral 
cutaneous areas. The ventral surface of the bladder is covered by a 
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thick layer of fat which extends to half of the dorsal surface as well. The 
cavity of the pneumatic duct towards the oesophageal end is almost 
obliterated by the development of fibrous tissue from its walls. The 
bladder is relatively narrower and harder. 

8. Size of specimen : 536 mm, in totol length. 

The structure of the air-bladder of a specimen 536 mm. in total length 
agrees, more or less, with the above description, except that the 
secondary longitudinal septum is altogether absent, and the caecum 
is definitely divided into two separate chambers, one broad and the other 
narrow. The whole of the narrow chamber is lodged in the caudal 
muscles. The caecum extends backward to about four-fifths the length 
of the anal fin. The walls of the bladder and the caecum are very hard 
and tougli. 

9. Size of specimen : 885 mm. in total length (Text-fig. 6, c and d). 

The anterior wall of the blliddcr has a tendency to fatty degenera- 
tion. The anterior portion of the bladder is oval in shape with 
povsterior end slightly narrower. The short, but broad anterior 
chamber (oc.), is greatly reduced. The primary transverse septum {ts,) 
is not fully developed and lies immediately behind the anterior wall of 
the bladder. The secondary longitudinal septum is absent. The walls 
of the bladder are strengthened by annular ridges {ar.) and are very 
hard to the touch. A small length of the greatly reduced longitudinal 
septum (Is.) extends into the cavity of the caecum. 

The posterior portion of the bladder (pc.) is very long and reaches 
almost to the end of the tail region. It is accommodated in the ventral 
caudal muscles which are very (dosely applied to it. The walls of the 
caecum are very thick and tlie cavity inside is nearly filled by a number 
of strong and stout ridges which arise without any orderly arrangement. 
1’owards the posttuior end, the caecum is folded on itself, and the outer 
walls are covered with many stout and strong knobs. The caecum may 
apparently bo divided into eight chambers ; only the first three (i, ii 
and iii) are in comm unicat ion with one another, and with the anterior 
portion of the bladder. The other chambers of the caecum are variously 
filled with fibrous growtijs. 

There is a layer of fat between the walls of the bladder and the lateral 
cutaneous areas. The ventral wall of the bladder is closely attached 
to the dorsal wall of the abdominal cavity.* The anterior portion of the 
bladder is white and shining while the caecum is dirty white in 
appearance. The oval plates of the “ elastic spring apparatus are 
well accommodated in the two hollow spaces developed on the anterior 
wall of the bladder. These spaces are very thin though the whole 
bladder is very hard to the touch. The pneumatic duct has an opening 
(dp.) into the bladder, but its opening to the oesophagus is not clear. 
However, a very small hole, not larger than a pinprick, is seen on the 
wall of the oesophagus. 

Judging from Taylor \si description of the bladder, it seems probable 
that he had a specimen intermediate in size between the last two stages 
described above. 


1 Taylor, Qleaftivfja tn ^aefice, p, 171 (1830). 



ON THREE CHALCIDOID PARASITES OF COTTON 
BORER-BEETLES FROM SOUTH INDIA. 


By T. V, Ramakrishna Ayyar B,A., Ph.I)., Late Government Eivto- 
mologist, Agricultural Research Institute, Coinihatorc, and M. S. 
Mani, Assistant, Zoological Survey of India, Indian Museum, Calcutta. 

While studying the bionomics of the (btton Borer-beetles, Sphenop- 
tera gossypii Kerr, and Pempheres affinis Fabr., in South India, the 
senior writer bred, among others, three interesting Chalcidoid parasites 
of these beetles. One of these, Euderns gossypii Ferr., is the well 
known parasite of Sphenoptera gossypii Kerr, in Sudan and Punjab ; and 
the other two are new to science. In an earlier paper' Ayyer gave a 
brief account of the biology of the parasite's and also discussed the possi- 
bilities of using them as natural control of the Cotton beetles, and in 
this paper the new species are described together with additional notes 
on all the species. ^ 

Family PTEROMALID AE. 

Genus Neocatolaccus Ashmead. 

1864, Calolaccus, (partim), Ashmead, BuU. Ohio Expt. 8la., T, p. 161. 

1904. N comtolaccus, Ashmead, Mem. Carry^ie Mus., I, (4), p. 320. 

1909. N cocutolaccus, Schinicdcknecht, Oe.n. 2n.^., fas, 97, p. 356. 

1909. N eocatolaccus, Masi, Boll. Lab. Zool.\Portici, 111, p. 138. 

The genus Neocatolaccus was erected by Ashmead in 1904 with Cato- 
laccus tylodermae Ashm. as the type. Since then five more species have 
been described from different parts of the world : australensis Gir.* 
from Australia, subviridis Gir.-'^ from, Paraguay, livii Gir.^ from Porto 
Rico, syrphidis Gir.'* from Trinidad and sphenopterac Ferr.*’ from Sudan. 
No species of the genus has so far been described from India. 

According to Ashmead and Schmiedeknecht there are in this genus 
three ring joints in the antennae in both the sexes. On behalf of Masi^, 
Crawford re-examined the type specimen of N. tylodermae (Ashm.) in 
the U. S. National Museum, Washington, and found only two ring joints 
in both sexes. Masi erected the genus Pseudocatolaccus for forms having 
three ring joints in the female and two in the male. Ashmead describes 
Neocatolaccus as having a distinct median carina on propodium, 
while according to Masi Pseudocatolaccus is without a carina. Females 
of the closely related genera Metapachia Westw. and Parapteromalus 


' Ramakrishna Ayyar and Margabandhu, Madras Agric. Joum.f XXIV, pp. 102-107, 
(1936). 

‘Girault, Mem. Queensland Mus., II, p. 306, (1913). 

•Giranlt, Archiv Naturgesch., LXXVI, A, Heft 6, p. 56, (1913). 

^Giranlt, Inaec. Inseit. Menstr., IV, p. 112, (1916). 

» Girualt, Ent. News, XXVH, p. 403, (1916). 

•Perriere, BuU. Ent. Ees., XXII, p. 130, (1931). 

»Ma8i, BoU. Lab. Zool. Portici, IH, p. 138, (1909). 
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Ashm. have two ring joints and one propodial carina. Males of Parap- 
teromalus have also two ring joints but no propodcal carina. In 
Diglochis Forst. there are two ring joints and one propodfal carina in 
both the sexes. It is possible that several of these genera might prove 
to be synonyms. Both N. sphenopterae Ferr. and the new species 
described below agree with Pseudocatolaccus in having three ring joints 
in the antemiae but differ in the median carina on propodeum. As it 
has not been possible to correctly define the exact limits of these closely 
related genera in the absence of types, the new species is provisionally 
referred to the genus Neocatolaccus. 


Neocatolaccus indicus^ sp. nov. 

This new species bears a general resemblance to N. sphenopterae 
Ferr. but differs in the following characters : 

Frons reticulately sculptured, the striations which diverge upwards 
from the lower border of clypeus rather sharply defined and prominent ; 
antennae inserted just at the level of the lower borders of eyes ; club 
of antennae longer than the two preceding segments combined ; parap- 
sidal furrows continue a Httle beyond the middle of mesonotum, though 
not reaching its posterior edge ; spiracles on propodium small and 
almost rounded ; fore wings with a slight discal ciliation at base ; mar- 
ginal vein less than half the length of submarginal vein. 

Female, — 2-7-3‘0 mm. long. Head very dark green, almost black ; 
rounded in the front view ; frons swollen ; sculpture closely reticulate ; 
striations of clypeus very prominent ; cheek large, almost as broad as 
eyes ; the front ocellus placed at the apex of scapal furrows, the lateral 
ones closer to the front one than to the eye border. Antennae generally 
brown, inserted just at the level of the lower borders of eyes ; scape 
yellowish brown, thin, very slightly curved ; pedicel stouter apically 
than basally, about twice as long as wide ; ring joints three, the first 
two small and the third much wider and almost twice longer ; first 
funicular segment about twice the length of pedicel and somewhat 
stouter ; second funicular segment about half the length of first ; the 
following three segments somewhat shorter, but each nearly equal, and 
gradually growing wider apically ; club triarticulate, stouter and some- 
what distinctly longer than the two preceding segments combined, < 

Thorax very dark green ; pronotum reticulately sculptured ; meso- 
notum wider than long, reticulately punctate, with parapsidal furrows 
reaching beyond its middle though not actually touching the posterior 
edge ; scutellum a little shorter than its posterior breadth, sculpture 
similar to that of mesonotum ; propodiutn shiny green, with prominent 
median carina and lateral spiracular sulci, spiracles small and almost 
rounded. Fore wings with a slight discal ciliation at base ; marginal 
vein somewhat less than half the length of the submarginal ; post marginal 
narrower and shorter than the marginal ; stigmal about two thirds the 
marginal. Legs generally brown or yellowish brown. 

Abdomen oval, much pointed posteriorly, longer than thorax, third 
segment not short. 
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Holotype. — One female dissected on three slides, in the collections of 
the Zoological Survey of India, Indian Museum, Calcutta, No. 1572/H 3. 
Coll. T. V. Ramakrishna and V. Margabandhu, Coimbatore, 1932. 

Host. — Pempheres affinis Fabr. 

Family EULOPHIDAE. 

Euderut gottypii Fcrricre. 

1931. Euderus gossypii, Ferriere, Bull, Eni. Res.y XXII, p. 132. 

This species was originally described by Ferriere from Sudan, Africa 
and Lyallpur, Punjab, as parasitic on the larva of Sphenoptera gossypii 
Kerr, in cotton stems. It is recorded here for the first time from South 
India ; it was bred from the same host at Bellary in the month of 
February 1932. 


Euderus pempheriphila> sp. nov. 

This new species is easily distinguished from the closely related E. 
gossypii Ferr. by the relatively stouter and longer club of antenna of 
female. 

Female, — About 2 mm. long. Head very dark green, almost black, 
often more or less metallic green or blue, purplish on the vertex, trans- 
verse, rounded in front view, sparsely punctate and pubescent. An- 
tennae inserted at the level of the lower borders of eyes ; pedicel dark 
green ; ring joint very short and transverse ; first segment of funicle 
“nearly equal to pedicel, but very slightly broader, somewhat longer than 
broad ; the following three segments nearly equal to the first ; also 
second as long as broad, third and fourth very slightly broader than 
long ; club about one and half times the combined length of the third 
and fourth funicular segments, much broader, triarticulate, the third 
segment conically produced and with a small nipple-like spine apically. 

Thorax dark green, shagreened ; scutellum distinctly broader than 
long. Propodium very short in the median line and with a distinct 
median carina ; spiracles rounded. Marginal vein slightly longer than 
submarginal, somewhat thicker basally than apically ; post marginal 
vein distinctly longer than stigmal vein. 

Holotype. — One female dissected on a slide, in the collections of the 
Zoological Survey of India, Indian Museum, Calcutta, No. 1673/H 3. 
Coll. T. V. Ramakrishna, Coimbatore, 1932. 

Host. — Pempheres affinis Fabr. 

Note. — Ballard^ refers to a Chalcid grub parasitising the larva of P . affinis at Coimbd** 
tore ; it is possible he is referring to the larva of this species. 


" Ballard, Mem. Dept. Agric. Ind., ErU. Ser., VII, p. 245, (1921) ; Bep. Proc. Fourth 
Ent. Meet. Pusa, p. 24, (1021). 




ON A NEW SPECIES OF NEOECHINORHYNCHUS PARASITIC ON 
MUGIL CEPHALUS LINN. FROM THE CHILKA LAKE. 


By T, N. PoDDER, M,Sc., M.B., Professor of Zoology, Carmichael Medical 

College, Calcutta, 

I recently examined the intestinal contents of a few fairly grown up 
specimens of Mugil ceplwlus Linn, from the Chilka Lake, Orissa, obtained 
from the loc^al market. All the fishes examined were heavily infested with 
Acanthocephalan parasites. In one specimen the number of parasites 
was as high as 112. On examination these parasites proved to belong 
to a new species, which is described below under the name Neoechinor- 
hynchus chiUcaensis, 

I take this opportunity of recording my sincere thanks to Dr. Baini 
Prashad, Director, Zoological Survey of India, Indian Museum, Calcutta, 
for the facilities for work ; to Dr. Sunder Lai Hora, Assistant Superin- 
tendent, Zoological Survey of India, for the identification of the host 
and to Mr. M. N. Datta of the Zoological Survey of India for his valuable 
suggestions. 


Neoechinorhynchus chilkaensiS) sp. nov. 

The proboscis (fig. a), is globular in shape with a very vshort neck. 
It is covered with three rows of hooks, six in each row. The hooks of 
the anterior row are relatively much larger and stouter than those of 
tlie other rows. The proboscis sheath is a thin and single walled muscular 
sac attached to the base of the proboscis. 

The nervous system consists of a single nerve ganglion with a few 
nerve fibres situated posteriorly within the wall of the proboscis sheath. 
These nerve fibres supply the body wall of the worm. 

The body is lanceolate and cylindrical and devoid of spines. Its 
walls consist of a layer of cuticle outside, then the thick submucosa which 
is traversed by numerous canals and canaliculi which form the lacunar 
system ( Verma and Datta, 1929)^ which is followed by the transverse and 
longitudinal muscle fibres. The transverse canals of the lacunar system 
are very prominent giving the appearance to the body of pseudoseg- 
mentation. 

In the body wall there are subcuticular nuclei 4-5 on the mid-dorsal 
side and 2 on the mid-ventral side of the worm. 

Male genitalia (fig. h), beginning just above the middle of the 
body, consist of a pair of ovoid testes, one behind the other, a pair of 
vasa elferentia, a vas deferens, a syncitial prostatic gland, a prostatic 
reservoir, a seminal vesicle, a muscular penis and a funnel-shaped bursa. 

The vas efferens from each testis runs downwards and then swells 
a little near the angle formed by the posterior testis and the prostatic 


^ Verma, S. C. and Datta, M. N., Acanthocophala from Northern India, 1. A new 
genua of Acanthocophala from a Calcutta fish. Ann. Trop. Med. Paraait. XXII, pp. 
483 - 498 , ( 1929 ). 
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gland before it joins with its fellow of the opposite side to form the 
vas deferens. This is a peculiarity of the genus Neoechinorhynchus. 



(h) Male .specimen showing the genitalia, x20. 

The prostatio gland is a syncitial mass and empties its contents into 
the prostatic reservoir and the prostatic duct from the reservoir running 
for a short distance ends into the muscular penis situated at the top 
of the eversible bursa. 

The seminal vesicle is of considerable size and is a thin-walled oval 
structure tapering dovnwards, finally opening into the base of the penis. 
The duct from the vas deferens also opens into the penis along with the 
duct of the seminal vesicle. 

Female genitalia consist of a uterine bell, uterus, vagina and the 
vulva. The uterine bell is a thin-walled funnel-shaped organ retained 
in position by means of Ihe genital ligament attached to the base of the 
proboscis sheath. A few^ guard cells are situated at the posterior end 
of the uterine bell whose function is to control the passage of mature 
ova. The uterus is a flabby tube w^hich opens into the vagina. The 
vagina is a short and thick muscular tube which has two bands of strong 
muscles known as the vaginal sphincters, whose function is to allow 
the ova to pass in a single file. The vulva is the external thickened 
portion near the vaginal orifice and is situated at the ventral aspect 
of the worm near the posterior end. 
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Measurements, — Males 4-2 — 7-8 mm. x 0-20 — 1-03 mm.; Females 5-0~- 
18-70 mm.x0‘31— 1-08 mm.; Proboscis 0-121x0-11 mm.; Proboscis 
hooks anterior row 0-07 mm. ; middle row 0-03 mm. ; l)asal row 0-027 
mm. ; Proboscis sheath 0-46x0-14 mm.; lemnisci 1-85x0-11 mm.; 
and 1-61x0-11 mm.; Anterior testis 1-21x0-53 mm.; Posterior testis 
0-77x0-59 mm.; Prostatic gland 1-69x0-66 mm.; Prostatic reservoir 

0- 44x0-26 mm.; Prostatic duct up to penis 1-03 mm.; vas deferens 

1- 14x0-20 mm. ; Penis 0-11x0-4 mm. ; Bursa 0-68x0-57 mm. ; Female 
genitalia, Uterine bell 0-11 mm. ; Uterus 0-21 mm. ; Vagina 0-06 mm. ; 
Ova 0-023 mm. ; (in the male specimen which is 7 mm. long the anterior 
end of the anterior testis is 3 mm. from the anterior end of the proboscis). 

Diagnosis, — From the table of allied species of N eoechinorhynchns 
Datta (1936)^ it is evident that the main points of difference between 
the closely related species of NeoecJimorhynchus and tlie new species, 
are the size and shape of body of the male and female specimens, the 
size and position of the genitalia, the size of the hooks and the number 
of subcuticular nuclei. 

In the new species the males are generally smaller than the females, 
the proboscis sheath is single layered, the hooks of the anterior row arc 
much longer and stouter than those of the other rows, tlie central nervous 
system is situated at the posterior portion of the proboscis sheatli, the 
prostatic gland is a single syncitial mass, subcuticular nuclei and lacunar 
system and specially the transverse canals are well developed. 

Host, — Mugil cephalus Linn. 

Location,— Small intestine. 

Locality . — Chilka Lake, Orissa (Bought from Calcutta market). 

Type specimens are deposited in the ('ollcctions of the Zoological 
Survey of India, Indian Museum, Calcutta. 


^ Datta, M. N., Helminth parasites of fishes from North India, with special referenco 
to Aeanthocephala. lice. lad, Mas.^ XXXVJIl, pp. 211-221), (l!)2r>). 
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1. Introduction. 

The skull of Varanus forms a very suitable typo of tlie Lacertilian 
skull and has therefore been figured in several curront books on tin* (com- 
parative anatomy of vertebrates. For example, Biitsehli (3, p. 274) 
figures the ventral, lateral and posterior aspects of the skull of VarmiVH 
salrator, but his description deals only with some of the leading features 
of the skull of Tiacertilia as a whole as compared with tin* skulls of other 
reptiles. Similarly, Shimkewitsch ( 8 , p. 122) gives the dorsal and ventral 
views of the skull of Varanus nihlicus, but his description is vf'ry brief 
and includes only a few of the important characters of the skull. 
Amongst English authors, Reynolds ( 7 , pp. 195 and 290) figures 
the dorsal, ventral and lateral views and also a longitudinal section of 
the skull of Varanus varius, but he too does not descril)c this skull as 
such, although he gives adequate descriptions of the skull of a c.helonian 
and that of a crocodilian. Similarly, Thomson ( 11 , p. 085) gives a 
diagram of the roof of the skull of a Varanid from a specimen, but his 
diagram is incompletely and even wrongly labelled an(i his description 
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is equally incomplete. Boulenger (1, p. 160), in the first edition of the 
Fauna of British India (Reptiles and Amphibia), gave rough sketches 
of the skull of Varanus griseus^ which have been reproduced unaltered 
by Malcolm Smith ( 10 , p. 396) in the second edition. These sketches 
are hardly complete and at places give a misleading idea of the relation- 
ships of bones and cartilages. Lastly, Goodrich (6, pp. 343 and 344), 
in his masterly work on the structure and development of vertebrates, 
gives the diagrams of Reynolds, but his account of the lacertilian skull 
is necessarily comparative and is based chiefly on that of iMcertn, 

In all the first five books^, the diagrams are original, i.c., they have 
been specially drawm for cacli of these books. There are no standard 
diagrams in any memoir, from which they could be taken. Unfortu- 
nately, therefore, the diagrams vary and all of them are incomplete in 
several respects and even incorrect in some eases. As all these diagrams 
have apparently been made from dried skulls, the omission of imJ)ortant 
cartilaginous and even small bony parts of the complete skull is a specially 
weak feature of these diagrams. Further, no attention altogether has 
been paid to the large number of foramina through which the blood 
vessels and nerves pass. 

In almost all the Indian Lbiiversitics, Varanus is studied as a type 
of the Lacertilia ; even where smaller types like Calotes, Urotnastix or 
Mahuia are used for dissection, the skeleton studied is always that of 
Varanus. I began this work originally to identify the large number 
of foramina in the skull, but when I found that there was no satisfactory 
account of the skull, I decided to describe the complete skull, as I felt, 
firstly, that a description of the foramina alone would not be so useful 
as that of the whole skull, and, secondly, that I could correct and 
improve upon the diagrams w'hich ate extant in the commonly used 
text-books. 

I have, selected Varanus monitor (syn. Varanus bengalensis) as the 
type, as this species is the commonest and most extensively distributed 
throughout India, Ceylon, Assam and the greater part of Burma ( 10 ). 
In size it is the second largest species, the head and body being 750 mm. 
and the tail 1000 mm. The largest species is Varanus salvator (head 
and body 1000 mm. and tail 1500 mm.), but it is not found in the 
peninsula of India except in the extreme north-east. Eastern Bengal 
and the Eastern Himalayas ( 10 ). As the work involved a number of 
dissections and preparations displaying blood vessels and nerves, I have 
included a number of diagrams showing the relations of the bones with 
these structures in the hope that they would prove useful. Further, 
w^herever possible, comparisons have been made with the skulls of 
Sphenodon, Lacerta and Uromastix. 

I am indebted to Professor E. S. Goodrich of Oxford for kindly 
lending me Siebenrock’s valuable paper on the skull of Lacerta from 
his private library. My best thanks are due to Mr. M. L. Bhatia who 
has rendered valuable assistance in the preparation of illustrations. 
Prof. A. H. Siddkjui has very kindly helped me in the dissections of 
some of the muscles. 


1 1 have not attempted to make an exhaustive search of all the books dealing with 
sktiH of VarmmSy but have quoted these six only as representative examples. 
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K. N. Bahl : Shull of Varanus monitor. 

2. The Skull. 

L*— General characteristics. 

The skull of Varanm monitor is pyramidal in shape, each of the dorsal, 
ventral and lateral surfaces being more or less triangular in outline ; 
the posterior surface is also more or less triangular and forms, so to speak, 
the base of the pyramid, the apex being formed by the anterior pointed 
snout (united premaxillae). The skull is well ossified, although there 
are several tracts of cartilage even in the adult. It is a strong, com- 
pactly built structure, very well buttressed along its posterior and 
lateral aspects. The sutures between different bones remain clearly 
visible even in the adult, unlike these in Lacerta where they become 
obliterated in the adult skull. 

The cranium or })rain-box forms the axial part of the posterior 
two-thirds of the skull and is disposed, like the enclosed brain, in an 
obliquelj^ elongated direction, higher in front and lower behind. Tlie 
posterior part of the cranium enclosing the mid-brain and the hind- 
brain is more or less completely ossified but the anterior part surrounding 
the cerebral hemispheres and the diencephalon is ossified only dorsally, 
remaining partly membranous and partly cartilaginous along the greater 
part of its ventral and lateral aspects. At the extreme anterior end, 
however, the olfactory stalks are again enclosed completely in a bony 
tube. The auditory capsules arc completely ossified and are intimately 
united with the occipital region of the cranium. The orbits are large 
and are well protected by bones ; they are separated from each other 
by an extensive inter-orhital sephim, which is largely cartilaginous but 
partly membranous. This septum lies beneath the anterior part of 
the cranial cavity all along its length and even extends forwards 
as the internasal septum. The olfactory capsules are also large 
and lie immediately in front of the cranial cavity ; they are partially 
surrounded by bones latero-posteriorly but are mainly enclosed in large 
cartilaginous capsules along the greater part of their extent. The 
united pre-maxillae form the rostrum. 

n. — The Cranium. 

(a) The Occipital Region. 

The occipital region is almost completely ossified and lies dorsally 
at a lower level than the parietal and frontal regions in front. It consists 
of four bones, (a) the basi-occipital, (6) the paired ex-occipitals, and (c) 
the supra-occipital, all of which remain distinct and take part in surround- 
ing the foramen magnum. The single median occipital condyle (figs. 1, 6) 
is crescentic in outline and is distinctly tripartite, the median piece being 
formed by the posterior end of the basi-occipital and the two lateral 
pieces by the posterior ends of the two ex-occipitals. The median basi- 
occipital piece of the condyle (pars condyloidea) is the smallest and is 
covered over by a thin, scale-like, elliptical piece of calcified cartilage 
which has a smooth surface and a milk-white appearance. The only 
other cartilage present in this region is the cone-shaped cartilage (processus 
ascendens) at the anterior border of the supra-occipital (vide infra). All 

i2 
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the four bones of the occipital region are ossifications of the chondro- 
cranium (replacing bones). 

The median basi-occifital (fig. 1) forms a more or less triangular flat 
plate, broad in front but narrow and pointed behind. Its anterior border, 



Tkxt-fio, 1, A ventral \U'\v of the shnll of Vurttniti* monitor (xccr. 2). 

n.j.o., aperture for the Jarohson’R or^an ; n.mor.f., anterior maxillary foramen; 
h.o., hasi-occipital ; ft.o.c., hasi- occipital cartilage ; 6..9., basisphenoid ; c.m., carti- 
laginous meniscus at the end of the basiptcrygoid process of the basisphenoid ; 
cr.o., ex-occipital; ex.st., extra-stapes (proportionately much enlarged) ;' mt.c., 
intercalary cartilage; i.p., incisura piriformis (interpterygoid fissure) ; t.«., ventral 
border of the interorbital septum : j., jugal ; j.f.c,/., combined jugular and condylar 
foramen ; m.r., maxilla ; o.c., occipital condyle ; o.a., orbitosphenoid ; paLy palatine ; 
pmx.y premaxilla : p.n.y position of the posterior nares ; j).o., postorbital ; p.s.y para- 
sphenoid ; p.s.fi.^ septum (planum) supra-septale ; pty.y pterygoid ; q.y quadrate ; 
({.ply., quadrate process of the pterygoid ; a.o./., aub-orbitai fossa ; posterior end 
of squamosal ; M.t.y posterior end of supra- temporal ; «/., stapes ; tr.y transverse ; 
t.H.o.y luberculum spheno-occipitalo ; vhjr,, vrntio -lateral process of the frontal ; 
w., vomer ; rn.o.y vomerine aperture ; ro.m.p,, vomero-maxillary process of the pre- 
maxilla ; v.pmx.f.y ventral premaxillary foramen. Cartilages are shown with upi- 
fomily thick dots. 
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forming the base of the triangle, is crescentic in outline, being convex 
from side to side, and fits against the basisphenoid in front and the pro-otic 
on each side ; the two lateral borders forming the two sides of the triangle 
are concave in outline and fit against the ex-occipital of each side ; the 
posterior end of the bone corresponding to the apex of the triangle forms 
the median piece of the occipital condyle and also a very small part of 
the ventral boundary of the foramen magnum. The dorsal surface 
of the basi-occipital is depressed to form an oval area for tlie accommo- 
dation of the ventral surface of the medulla oblongata ; in fact, the 
bone in this oval area is thin and appears translucent against transmitted 
light, the remaining portion of the bone being thie.k and opaque. On 
each of the two antero-lateral borders of the basi-occipital, between it 
and the pro-otic, there is a kidney-shaped cartilaginous tuberosity 
wedged in between these bones on each side : this is called the 
tuberculum spheno-occipitale (figs. 1 and 13). On this are inserted, on each 
side, strong tendons of two muscles, (1) the musculus longus colli and 
(2) the musculus transversalis cervicis^. 

The paired (figs. 1, 2 and 3) of the adult arc irregularly 

shaped bones, each formed by a fusion of the ex-occipital proper with 
the opisthotio of its own side ; each is, therefore, a compound bone, 
and, since it forms not only the side-wall of the cranial cavity but also a 
part of the auditory capsule and a prominent lateral process, the 
jxiroccipital process, it has been named by different workers as pleuro* 
occipital, lateral occipital or oto-occipitaL 

The ex-occipital proper is the small triangular plate lying ventro- 
laterally on each side of the basi-occipital (fig. 1), while the remaining 
larger part of the bone lying on the dorsal and outer side almost at a 
right angle to the ex-occipital proper represents the opisthotic. The 
ex-occipital part of the bone fits all along its inner border against the 
basi-occipital, while the opisthotic part fits anteriorly and externally 
against the pro-otic and dorsally against the posterior half of the supra- 
occipital. The ventral surface of the ex-occipital is depressed and forms 
the place of insertion of the musculus rectus capitis inferior. This muscle 
lies immediately above the musculus longus colli and ari^^es from the 
hypophysial processes of the first four cervical vertebrae. The muscle- 
fibres are inserted directly on the ex-occipital without the formation 
of a tendon. 

The boundary between the ex-occipital and opisthotic parts of the 
bone is clearly indicated on the inner surface of the cranium (seen in a 


^ As the nomenclature of these two muscles is uncertain, I ani giving? here their origin, 
extent and insertion. The muscvlus longus coUi of each side' is an elongated elliptical 
muscle inserted by a distinct tendon on the inner part of the tuberculum sphcno-ocei- 
Jpitale. The bodies of the two muscles lie closely pressed together in the neck, one on 
each side of the mid- ventral line, immediately dorsal to the oesophagus and ventral to 
the cervical vertebrae. Their fibres originate from the hypopophyses of the first seven 
vertebrae. The musculus transversalis cervicis is inserted by a distinct tendon on the 
outer part of the tuberculum, but this tendon continues on its outer side into an apo- 
neurosis inserted on the entire outer border of the ventral part of the ox-oceipita). The 
body of the muscle itself consists of two parts : (1) a short anterior part which originates 
from the second vertebra and a part of the third, and (2) a long jK)sterior part which 
originates from a part of the third and the fourth and fifth vertebrae. The muscle is 
attached to the outer surface of each neural arch along the line joining the pre- and post- 
aygapophyses. 
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longitudinal section) by a large crescentic slit-like aperture, the jugular 
foramen or foramen lacerum posterius (fig> 2 b), which lies between 



TaxT-S'ia. 2. Iwo views of the basi- and ex-occipitals, the basisphenoid and the pro-otic. 
Cartilages are shown with uniformly thick dots ( X ca. 3). 

a. ventro-lateral view ; 6. in longitudinal section. 

anterior inferior process, a.p,, alar process ; a.s.c., channel for the anterior vertical seml- 
circular canal ; a 9.p., {interior superior process of the pro-otic ; b. o., basi-occipital ; b.o.r. , basi- 
occlpltal cartilage; b.s., basisphenoid ; basi-ptcrygoid process of the Dasisphenoid ; c.c., 

cavum capsularis in which is lodged the membranous labyrinth of the inner ear ; c.v.h.f., opening 
of the canalis vldianus into the hypopliysial fossa (foramen caroticum internum) through which the 
intra-cranial branch of the internal carotid enters the cranial cavity ; €X,o.y cx-occipital ; f.o., fenestra 
ovalis, Into which fits the inner end of the columella auris ; f,r., fenestra rotunda, which is covered 
over in life by the memhram tympani scundaria and thn)ugh which the glossopharyngeal nerve leaves 
the skull ; A./., hypophysial fossa ; i.o., Incisura otusphcnoidea for the Vth nerve ; jugular 

foramen for the exit of the jugular vein and the tenth cranial nerve ; o.c., occipital condyle ; o.cr., 
otosphenoidal crest ; p.c.v,, posterior opening of the canalU vidianus through which the palatine 
branch of the facial nerve and the sympathetic and the internal carotid artery enter the basisphenoid 
bone ; p.fs, perilymphatic foramen ; p.p., |)osterior process of the pro-otic ; p.p.ex., parocclpital 
process of the cx-occipltal ; pro., x>ro-otic; p.s.c., channel for the posterior vertical semi-circular 
canM ; sulcus venae jugularls ; t.s.o., tuberculum spheno-occlpitale ; Vl.a., anterior foramen 

for the^ltof the sixth cranial nerve out of the haslsplienoid ; VI. p., posterior foramen through which 
the Vlth cranial nerve enters the basisphenoid hone ; K//., facial foramen through which the Vllth 
nerve jeayes the cranial cavity ; VJl.hm., posterior facial foramen for the exit of the hymomandl- 
bular dlvldon of the VII th nerve ; VI I. pal., anterior facial foramen through which the palatine, 
branch of the Vllth nerve leaves the skull ; VJJI.a., foramen acustlcum ahterlus ; VIII. b., fora- 
men aciutlcuin posterius ; IX.y foramen perilymphatictis or glossopharyngeal foramen ; XI. y fora- 
men for the exit of the spinal accessory nerve ; XII, ^ foramen for the exit of the hypoglossal nerve. 
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the two parts of the bone in such a manner that the anterior wall of the 
foramen is formed by the opisthotic and its posterior wall by the ex- 
occipital. The jugular foramen transmits the vagus nerve (X), the 
vena cerebralis posterior branch of the internal jugular vein and the 
occipital branch of the occipito-vertebral artery. Immediately behind 
the jugular foramen lie two small rounded foramina (fig. 2 6), one above 
the other, on the inner surface of each ex-occipital : the lower of these 
two transmits the hypoglossal nerve (XII), while the upper lots through 
the spinal accessory nerve (XI). On piercing the cranial wall internally, 
these two foramina open into the large jugular foramen, so that on the 
outer surface of the cranium there is a single large oval foramen lying 
just outside the occipital condyle at the root of each paroccipital process. 
This is, therefore, the combined foramen lacerum posterius (jugular 
foramen) + the condylar (hypoglossal) foramen of the mammalian skull 
and also that of Sphenodon and lets through tlie int(?rnal jugular vein 
(vena cerebralis posterior branch) and the Xth, Xlth and Xllth cranial 
nerves and lets in the occipital branch of the occipito-vertebral artery 
(figs. 1, 2 and 13). 

The opisthotic part of the ]>one forms (1) the posterior part of the 
auditory capsule, and (2) a stout horizontal process, the paroccipital 
process, directed outwards and slightly backwards. This process on 
each side supports the supra- temporal above and the quadrate below. 
On the dorsal surface of the opisthotic part, at the root of the parocci- 
pital process, there is a small foramen (figs. 2 6, 3 and 10) leading a))ovo 
and below into the passage for the j^osterior vertical semi-circular canal 
of the internal ear ; while on the anterior vertical surface of the 
paroccipital process, at its root, lies the foramen leading behind and 



TbxT'FIG. 3 . Froiito-lateral view of the ex-oiTipital {xca. 7 ), 

/.c., fenestra coehleac leading below into /.r.. the fenostra rotunda, tbopaRsage 
being shown by an arrow the posterior wall of fenestra oya]i« ; f.r.u., roceneus 
utricuU ; h-h\ arrow passing through the channel for the horizontal Bcmi-cycular 
canal ; arrow passing through the channel for the posterior soroi-circular 

canal; p.p.ex., paroccipital process of the (*x-occipital ; p.s.c., opening for the 
posterior semi-circular canal. 

in front into the passage for the horizontal semi-circular canal. These 
two foramina can only be seen in the disarticulated bone (fig. 3) ; 
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in the complete skull the first foramen is covered over by the supra- 
occipital and the second by the pro-otic. The anterior end of each 
opisthotic is excavated to form a fossa which extends upwards 
into the supra-occipital, and is continuous with a similar fossa 
on the postero-internal surface of the pro-otic, the fossae on 
these three bones together forming the cavity (cavum capsularis) 
of the auditory capsule (figs. 5 and 10) in which is lodged the 
membranous labyrinth of the internal ear. These fossae also can be 
seen separately only in a disarticulated skull. 

The fossa of the opisthotic part of the auditory capsule presents 
a central recess, a large foramen on the inner and ventral side and an- 
other small one on the outer and dorsal side (fig. 3). The central recess 
lodges the recessus utricidi and the ampulla posterior leading into the 
posterior semi-circular canal ; the outer and dorsal foramen leads into the 
passage for the horizontal semi-circular canal, while the inner and ventral 
foramen (fenestra cochleae oi ])erilymphatica) provides for the passage of 
the aqueductus perilymphaticus into the recessus scalae tympani of the 
fenestra rotunda^. The fenestra rotunda (fig. 2 a), is a large, more or less 
elliptical, opening with an arched roof, lying on the outer lateral surface 
of the skull, between the outer convex border of the ex-occipital below 
and the fenestra ovalis above. It is closed in life by a thick membrane, 
the membrana tympani secundaria, which is really the outer wall of the 
saccus perilymphaticus, lying in a short space within the fenestra rotunda. 
This space is called the recussus scalae tympani and opens above through 
the fenestra cochleae into the cavum vestibulare (inner middle region of 
cavum capsularis) and inwards through the aqueductus perilymphaticus 
passing through the perilymphatic foramen into the subarachnoid spaces 
beneath the brain in the cranial cavity. The glossopharyngeal nerve leaves 
the cranial cavity through the foramen perilymphaticus (fig. 26), runs 
along the posterior wall of the recessus scalae tympani imbedded in the 
wall of the perilymphatic membrane and emerges out of the fenestra 
rotunda into the cavity of the middle ear. The greater part of the 
fenestra rotunda is formed by the ex-occipital, which forms a process 
resembling an arched bridge, only the antcro-ventral end being formed 
by the tuberculum spheno-occipitale ^fig. 2 a). Similarly, the posterior 
part of t}ie fe7iestra ovalis, lying immediately above the fenestra rotunda, 
is formed by the opisthotic, being closed anteriorly by the pro-otic. 
It should be noted that both the fenestra ovalis and fenestra 
rotunda lie at the bottom of a shallow pit bounded ventrally by the free 
lateral border of the ex-occipital and dorsally by the pro-otic and 
the paroccipital process : this pit is the inner part of the middle ear, 
which has a wide communication with the pharynx below, and across 
which runs the columella auris from the fenestra ovalis to the tympanic 
membrane on the outside (figs. 1, 6 and 13). 

The median supra-occipital (figs. 3, 4, 5 and 6) forms the roof of the 
occipital segrnent and also that of the auditory capsule on each side. 
Dorsally, it lies at a lower level behind the parietals and slopes in an 
antero-posterior direction as well as laterally on each side. Looked 


^ In ^phenodon, as in the Chelonia, Ophidia and Amer {Aves), there is no fenestra 
rotunda and no membrana tympani secundaria either. 
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at from the dorsal surface, it is more or less hexagonal in outline with 
a notch on its posterior border. The anterior crescentic border of the 
bone rests against the united parietals in front but there is no close- 
fitting sutural union between the two bones, the joint being formed of 



XfiXT-F/a. 4. Dorsal view of tho skull ( X ca. 2). 

a.s.m.f.f anterior eepto-maxillary foramen; 6.o., basi-occipital with the basi- 
occipital cartUago covering its posterior border ; c., columella cranii or opipterygoid ; 
d.m.f.f dorsal maxillary foramen ; d.p.f,, dorsal pro-maxiUary foramen ; d.mt.f,, 
dorsal sopto>maxillary foramen ; ex.o. ex-occipital ; /r., frontal ; int.c., intercalary 
cartilage ; j,, jugal ; L, lacrymal ; wa?., maxilla ; nas.^ nasal ; n.pmx.^ nasal process 
of tho premaxilla ; o.c., place for the cartilaginous olfactory capsule : o.p.^ orbital 
process of the post-orbital ; pal., palatine ; par., parietal ; p.f., parietal foramen ; 
p.fr., pre-frontal ; pmx., premaxilla ; p.o., post-orbital ; p.p.ex., paroccipital process 
of the ex-occipital ; pro., pro -otic ; ply., pterygoid ; q., quadrate ; 8. mao., septo- 
maxUlary ; s.o., supra-occipital ; a.or., supra-orbital ; a.or.J., supra-orbital fossa ; sq., 
squamosal; a.t., supra-temporal ; a.t.a., supra-temporal arcade; s.t.f., supra- 
temporal fossa; at., stapes or columella auris ; /r., transverse; vo., vomer. 

fibrous tissue and cartilage, the two bones being movable on each other 
vertically within a limited range. In the middle line, there is a cartila- 
ginous piece (fig. 5) perfectly cone-shaped in appearance, which projects 
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from the anterior border of the supra-occipital and fits closely into a 
deep funnel-shaped depression (parietal fossa) into the posterior border 
of the parietal in the median line (fig. 5). Bradley (2, p. 482) regards this 
cone-shaped cartilage as corresponding to the processus ascendens tecti 
synotici of the cartilaginous cranium. There is thus a “ peg and socket 
joint between the supra-occipital and the united parietals which would ob- 
viously allow only a limited range of movement between these two bones. 
This joint is an important feature of the Lacertilian skull and forms an 
essential factor in the kinetism} of the skull (vide infra). The two antero- 
lateral borders of the supra-occipital fit against the pro-otics on each 
side, the postero-lateral borders against the ex-occipitals, while the 
posterior border with the notch is free and forms the roof of the foramen 
magnum (fig. • 6). Along its mid-dorsal line runs an inconspicuous 
occipital ridge or crest and the bone slopes down on each side’ of this 
crest to meet the ex-occipital behind and the pro-otic in front. The 
disarticulated supra-occipital resembles in shape the neural arch of a 
vertebra with thick lateral walls ; its ventral aspect (fig. 5) gives the 
appearance of a deep gutter with thick and expanded but hollowed walls. 
Each of these thick walls forms the roof of the auditory capsule and is 
hollowed out into a central fossa which lodges the dorsal portion of the 
membranous labyrinth. Deep down on the inner wall of the fossa, there 
is a rounded aperture leading into a narrow tube which lodges the sinus 



Text-fio. 5. Ventral view of the BUpra-occipital (xca. (J). 

a.s.c., channel for the anterior scmi-circular canal ; c.c., the dorsal part of the 
ca^^m capsularis ; d-d\ arrow passing through the aqucductus ondolymphaticus 
which lodges the ductus cndolymphaticus ; p.a,, proccesuB ascendens (cartila- 
ginous) ; p.«.c., channel for the posterior semi-circular canal; channel for 
the sinus superior leading into the channel for the anterior semi-circular canal in 
front and the channel for the posterior semi-circular canal behind. 


The fronto-parietal region of the skull is movable upon the occipito-sphenoidal 
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mperior of the membranous labyrinth ; this tube leads into minute 
hair-like tunnels both anteriorly and posteriorly which can be seen as ex- 
tremely minute apertures on the outer wall, one lying anteriorly and the 
other posteriorly to the fossa ; these tunnels accommodate the upper 
parts of the anterior and posterior vertical semi-circular canals (fig. 5). 
A third hair-like tunnel pierces the inner wall of the fossa a little above 
and anterior to the aperture for the sinus superior; it leads into the 
cranial cavity by a minute aperture (aqueductus vestibuli) lying on the 
antero-lateral surface of the inner wall of the supra-occipital as seen from 
the ventral side (fig. 5) ; this tunnel lodges the ductus endolymphaticusy 
which opens into the cranial cavity. 



Text-fio. 6 . Posterior view of the skull of Varamis monitvr {xca. 3 ). 

6.0. , bulging of the auditory capsule into the 'cranial cavity; 6.0., basi-occipital 
with the elliptical basi-occipital cartilage attached to its posterior end ; b.piy.y 
basipterygoid process of the basisphenoid ; c.c,, condylus cephalicus ; c.tw., 

condylus mandibularis ; e.st.y cartilaginous extra-stapes ; eoj.o., ex-occipital ; 
int.c., intercalary cartilage; j-f-C-f., combined jugular and condylar foramen for 
the exit of the Xth, Xlth and Xllth nerves and the vena cerebralis posterior 
branch of the internal jugular vein and for the entrance of tho occipital branch 
of the ocoipito-vertobral artery ; o.c., occipital condyle ; p.a., processus ascendens 
cartilage fitting into the parietal fossa; par,, parietal ; p./., parietal fossa ; p.p.ra?., 
paroocipital process of tho ex-occipital ; pro., pro-otic ; p.t.f., post- temporal fossa ; 
ply., pterygoid; q., quadrate; s,o., supra-occipital; sg., squamosal ; sux)ra- 
temporal ; st., stapes ; st,p. supra-temporal process of tho parietal. 

The supra-occipital forms the roof of the bun-shaped cerebellum 
disposed in an obliquely dorso- ventral direction and the medulla oblon- 
gata (hind-brain). The anterior border and the dorsal surface of the 
supra-occipital form the place of insertion for the occipito-vertebral 
muscles (rectus capitis^ obliquus capitis and spinalis capitis muscles). These 
muscles form a thick pad covering the supra-occipital in such a way 
that, on removal of the integument, the occipital segment appears on 
the same level with the parietal. 

In SphenodoUy the external jugular foramen transmits the IXth 
Xth and Xlth nerves and the vena cerebralis posterior branch of the 
internal jugular, while there is a separate foramen for the Xllth 
nerve. In Lacerta, there are two separate foramina for the Xllth nerve 
and another for the Xth. The IXth nerve also comes out separately and 
not from the fenestra rotunda as it does in Varanus. 
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In Lacerta ( 9 , p. 9), the processus ascendens of the supra-occipital 
is bony and is only tipped with cartilage, but in Varanus the process is 
wholly cartilaginous and fits into the hinder and not on the under surface 
of the parietal. 

(b) The Parietal Region, 

The parietal region consists of the united parietals above and the 
median basisphenoid below. There arc no alisphenoids, the side- walls 
of the cranium in this region being formed by the pro-otics behind and 
thick membranous walls in front. The basisphenoid is a chondrocranial 
ossification but ilm parietals are dermo.1 bones. 

FlTho basisphenoid (figs. I and 7) is more or less quadrangular in 
shape and lies immediately in front of the basi-occipital, forming the 
floor of the cranial cavity beneath the mid-brain and a part of the hind- 



Tbxt-fig. 7. Two ■views of the basisphenoid (xc«. . 6) 
a. dorsal ; h, anterior. 

a.e.r.,. anterior opening of canalis vidianus; a.p., alar process; 
bnsipterygoid process ; d,e,, dorsiun ophippi ; /.i.c., foramen caroticum intcrcum ; 
A./., hypopbgsial fossa; p.c,v.r posterior opening of canalis vidianus; p,p,, 
parasphenoid process; VI, a., anterior foramen for the abduoens nerve; VI,p,t 
posterior foramen for the abducens nerve, 

brain. Ita posterior border is straight and single, fitting closely and 
immovably against the basi-occipital, but the anterior border is double, 
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there being a dorsal anterior border {dorsum ephippi) and a ventral anterior 
border formed as a result of the presence at the anterior end of a large 
and deep depression called the hypophysial fossa {sella turcica), which 
lodges the recessus infundihularis and the hypophysis of the diencephalon. 
The dorsal anterior border is concave and is produced laterally on each 
side into a very short conical process (fig. 7) corresponding to the alar 
process in Sphenodon, The ventral anterior border gives off a short 
and stumpy median bifid process with which the parasphenoid articu- 
lates in front ; this median process is therefore called the parasphenoid 
process {processes trabeculae inferiores of Siebenroch). On each side of 
this process, the bone is produced antero -laterally into a thick stout 
process, the basipterygoid process^, which is expanded at its extremity 
and articulates with the pterygoid, there being a cartilaginous meniscus 
(figs. 1 and 13) at the point of articulation. It should be noted that 
this articulation is movable like that between the supra-occipital and 
the parietal and forms another essential factor in the kinetism of the 
skull. Just as there are two anterior borders, similarly there are two 
lateral borders on each side, a dorsal lateral border and a ventral lateral 
border separated by a longitudinal groove {sulcus venae jugalaris) be- 
tween the two ; the dorsal border articulates all along its length with 
the pro-otic, while the ventral border is free. 

The dorsal surface of the basisphenoid is concave from side to side 
and is higher in front than behind ; the concavity of the two bones (the 
basi-occipital and the basisphenoid) together forms a shallow depression 
into w^hich fits the ventral convex surface of the brain behind the 
pituitary body. In the anterior third of the dorsal surface lie two small 
foramina (fig. 7a), one on each side, for the exit of the Vlth (abducens) 
nerve^. This nerve perforates the bone at the base of each alar process, 
runs through a very short canal and comes out into the^ dorsal part 
of the hypophysial fossa (fig. 76), wherefrom it runs outwards to inner- 
vate the external rectus muscle of the eye. The base of the basiptery- 
goid process of each side is tunnelled through by the canalis vidianus^ 
(fig. 7a), through which pass the palatine branch of the internal carotid 
artery and the pakitine branch of the facial nerve. These two structures 
run close together side by side along the lateral w%all of the basisphenoid 
in the groove bctwTcn its dorsal and ventro-lateral borders and then 
pass together through the canalis vidianus and even on coming out 
run close together on the palate. The posterior opening of the canalis 
vidianus lies on the lateral wall of the basisphenoid just in front of its 
posterior end ; the anterior opening of the canal, however, lies at the 
base of the basipterygoid process, on each side, on tlio outer side of the 
median parasphenoid process. About the mitldle of its course, the 
canalis vulianus passes through the extreme lateral boun«]ary of the 


^ The basipterygoid process of the basisphenoid rej)resents nn ossification of a. part 
of the greatly reduced p.alato- quad rate cartilage (6, p. t28). 

* Siebenrock (9, pp. 11 and J2) mentions tliis foramen as foramen irU^rnum in 
Lacerta and says that it transmits a branch of the internal carotid. According to his 
description, the position of the foramen internum is tlie same as that of the foramen 
for the Vlth nerve in Varanus. I think Siobenroek mistook the nerve for a branch of 
the internal carotid ; at any rate, his statement on this point needs confirmation. 

• The palatine branch of the facial nerve, as it joins the sympathetic branch from 
th^ IXth is called the vidian nerve (6, p. 271), 
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hypophysial fossa. The hypophysial fossa itself is a funnel-like pit, 
the base of which extends laterally on each side and communicates 
through an aperture with the canalis vidianus. Through this aper- 
ture (foramen caroticum ij^ternum, figs. 3, 8, 9 and 11), the cranial branch 
of the internal carotid enters the sella turcica from the canalis vidianus 
and becomes completely intra-cranial ; it then runs laterally to the 
hypophysis and mounts upwards to supply the latero-ventral wall of 
the brain. 

The united 'parietal (fig. 4) forms a more or less quadrangular bony 
plate, narrow in the middle but expanded both anteriorly and posteriorly. 
It articulates in front with the paired frontals through a more or less 
straight transverse suture, but is produced behind into two long, stout 
and laterally compressed processes, the supra4emporal processes 
— processus parietales of Siebenrock — (fig. 6), which diverge and run out- 
wards and backwards to articulate behind with the supra-tcmporal 
on each side through an obliquely running suture. Laterally, between 
the supra-occipital and tlie pro-otic on one side and the parietal on 
the other, there is always a small area which is unossified and in a dry 
skull looks like a triangular fissure. It is covered in life with a thick 
fibrous membrane and provides a loose movable connectiefn between 
the parietal and the pro-otic, so that the whole of the occipital segment, 
the basiaphenoid and the pro-otic move as one piece on the parietal 
(Kinetism). 

Each of the two concave lateral borders of the parietal is bevelled 
oft* all along its length to form a narrow ledge (fig. 4) slanting outwards ; 
these bevelled ledges serve chiefly for the attachment of the adductor 
mandibulae mediua muscles. The parietal process (anterior superior 
process) of the j^ro-otic articulates movably with eacli of these bevelled 
borders about the middle of its length. 

The dorsal surface of the united parietal is evenly flat like that of 
the frontals, but the ventral surface is slightly concave from side to 
side, forming a shallow' depression into which fits the dorsal surface of 
the fore-brain and the mid-brain. In the anterior half of the bone, 
right in the median line, lies the oval parietal foramen, into which fits 
the parietal organ. Between the roots of the siipra-temporal processes, 
the posterior border of the parietal is excavated in the median line to 
form a deep funnel-like pit, the fossa parietalis (fig. 6), which in the 
entire skull is hidden by the anterior border of the supra-occipital. Into 
the fossa parietalis is inserted the cone-shaped cartilaginous projec- 
tion^ from the anterior border of the supra-occipital, forming a “ peg 
and socket joint (p. 142). 

The basisphenoid of Varanus presents important differences from 
that of Sphenodon, The alar processes are very short and there is no 
median dorsal process of the dorsum ephippi. Further, the anterior 
openings of the canalis vidianus are paired and not median and common 
as in Sphenodon, and the canalis vidianus transmits both the palatine 
artery and nerve and not the palatine artery alone as it does in 


' The proccasus asoendena tecti synotici ^rtUago. 




Text-fig. 8. Two views of tho skull : a., Lateral left side ; 6. Median longitudinal 

section ( xca. Ij). 

a.sjn.f., anterior septo -maxillary foramen ; a.v., aqueductus vestibuli 

for the ductus ondolymphaticus of the internal ear; ft.o., basi-occipital ; 6.o.c., 
basi-occipital cartilage: b.pty.b. 6 .^ basipterygoid process of the basisphenoid ; 
basisphenoid ; c., columella oranii (epipterygoid) ; c.c., eondylus cephalicus of the 
quadrate ; c.w., eondylus mandibularis of the quadrate ; cf dorsal pre-maxillary 
foramen ; ex.o.t ex-occipital ; /.Lc., foramen caroticum internum ; /r., frontal ; t.n.tf., 
internasal septum ; int.c.t intercalary cartilage ; i.o,, incisura otospbenoidea ; t.«., 
inter-orbital septum ; y., jugal ; j.o., cavity for the Jacobson’s organ ;/.,lacrymal ; 

maxillary foramina ; maxilla ; nas., nasal; v.prnx., nasal process of the 
pre-raaxilla ; n.5., nasal septum; o.c., occipital condyle; o./., optic fenestra ; or. 8 ., 
orbitosphenoid ; pal.t palatine; par., parietal ; p./r., prefrontal ; prnx.y premaxilla; 
p.o., postorbital ; p.p., parasphenoid process [procesma frabecvlae inferiorea) of the 
basisphenoid ; p.p.ex., paroccipitai process of the cxoccipital ; pro., pro-otic ; p.a., 
parasphenoid ; p.a.m.J., posterior septo-maxillary foramen ; piy.y pterygoid ; 5., 
quadrate; amx.^ septo-maxillary; a.or., supra-orbital ; squamosal ; sep- 

tum (planum) supra-septalc ; supra-temporal ; a.i.a.t supra-temporal arcade ; 
a.t.f., supra-temporal fossa ; a.l.p.y supra-temporal process of the parietal ; fr., trans- 
verse; t.a.n,, tuberculum spheno-occipitale ; ro., vomer. The foramina on the 
hinder part of tho skull are labelled in fig. 2. 


(c) The Frontal Region. 

The froydal region consists of the paired frontals above, the median 
narrow parasphenoid below and a pair of minute orbito-sphenoids 
surrounding the large optic chiasma. Of these five bones, only the 
two orbito-sphenoids are chondrocranial ossifications, the parasphenoid 
and the two frontals being dermal bones. 

Besides these bones, there are several cartilaginous and membranous 
tracts which complete the wall of the reduced cranial cavity of this 
region. The brain-cavity is confined here to the dorsal part of the 
skull and lodges only the anterior part of the cerebral hemispheres and 
the olfactory stalks, the remaining greater part of the brain having been 
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pushed back behind the large eyes into the parietal and occipital re- 
gions. The brain is obliquely placed : the olfactory stalks are lodged 
in the narrow tubular cavity formed by the ventro-lateral extensions 
of the frontals, the cerebral hemispheres are covered by the frontals 
above and are supported by cartilage and thick fibrous membrane be- 
low, while the optic chiasma is surrounded by the minute orbitosphenoid 
bones. The inter-orbital septum extend^ forwards from the median 
parasphenoid process of the basisphenoid, and lies below the narrow 
cranial cavity between the two large orbits, continuing forwards into 
the olfactory chamber as the inter-nasal septum (fig. 86). As the cranial 
cavity is very much reduced between the large eyes and is largely 
replaced by the inter-orbital septum, the skull is almost completely 
tropibasic. 

The parasphenoid (figs. 1 and 86) is a long narrow bone flattened dorso- 
ventrally and resembling in shape the blade of a bayonet. It underlies 
the ventral border of the inter-orbital septum in the mid-ventral line 
just in front of the basisphenoid, articulating behind with the median 
parasphenoid process of the basisphenoid and terminating in front at 
a point about half the length of the inter-orbital septum (fig. 86). Pos- 
teriorly, the parasphenoid protects the infundibulum of the diencephalon 
and even forms part of the hypophysial fossa, while along the greater 
part of its length it forms the ventral support of the posterior half of 
the inter-orbital septum. In a freshly prepared skull, the parasphenoid 
is more or less horizontal in position, being only slightly bent upwards 
anteriorly ; but in a dried skull, as the inter-orbital septum slirivels up, 
the parasphenoid gets bent upwards, but its anterior end never reaches 
the frontal as is shown by Reynolds (7) in his diagrams. 

The parasphenoid of Varanus is very much reduced and corres- 
ponds only to the rostrum parasphenoidei (processus cultriformis) of 
SphenodoUj the main body of the parasphenoid corresponding to the 
hinder wing-lilce processes, the middle shield and the transverse pro- 
cesses of the parasplienoid of Sphenodon being absent. 

The paired frontals (fig. 4) are elongated bones, narrow in front 
but broad behind. They articulate with each other through a long and 
straight median suture and with the parietals behind through a more 
or less straight transverse suture. Anteriorly each frontal presents a 
shallow concavity and a cleft, into which is wedged in one of the two 
posterior processes of the united nasals, while along the anterior half of 
its outer lateral border, there is a triangular depression for articulation 
with the pre-frontal of its own side. Dorsally, the frontals are evenly 
flat and lie at the same level with the parietals, but laterally each is in- 
flected downwards and inwards to form a latero-ventral process (fig. 86), 
which meets the corresponding process of the other side, enclosing a 
more or less complete bony canal (cmalis olfactorius^), in which are 
lodged the elongated olfactory stalks. Ventrally these inflected pro- 
cesses enclose between them the dorsal membranous border of the 
inter-orbital septum. 

The ventro-lateral walls of the cranial cavity (fig. 9) enclosing the 
fore-brain are formed partly of calcified and hyaline cartilage, partly 


^ In Lactria, the oMialit olfaetorius is mainly membranous. 
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of a thick fibrous membrane and partly by the paired orbitosphenoid 
bones. The cartilaginous portion is represented by the planum (septum) 
mpra-septale or pila preoptica and its lateral extensions. The planum 
supra-septale (figs. 1 and 9) rests anteriorly against the ventral part 
of the posterior border of the canalis olfactorius and is divided into 
two longitudinal strips along the greater part of its length by the inser- 
tion of the dorsal border of the inter-orbital septum. The posterior 
part of the cartilage is undivided ; it forms the anterior boundary of 
the optic fenestra and gives off an obliquely directed median ventral 
process, the anterior optic process (fig. 9) and two long narrow lateral 
processes which extend upwards and reach the frontals above, and 
then run forwards along their postero-ventral borders (figs. 86 and 9). 

The orbitosphenoids^ (figs. 1, 86 and 9) are two minute, curved, 
and flattened bones which are connected anteriorly with the pila 



Tkxt-pio. 9. The orbitosphenoids and the conneoted cartilages and membranes from 
the ventral side (xm. 4|). 

o.o.jj., anterior optic process ; b.s., basisphenoid ; f.po., fenestra postoptioa ; 
/. pr., fenestra preoptioa ; w., membrane covering the fenestra postoplica ; m'., 
membrane covering the fenestra prooptica ; o./., optic fenestra ; o,s., orbito* 
sphenoid ; p.p,o., pila preoptica ; p.s., parasphcnoid ; planum stmra- 

septale ; vLfr,, ventro-lateral process of the frontal., tw'., the three branches of the 
oculom otor nerve ; iv., troohear nerve. 

' Reynolds (7) shows the orbitosphenoids in a longitudinal section hanging 
▼ertically downwards from the junction of the parietal and frontal bones in F. varius. 

dia^am does not seem to be correct, as it is extremely unlikely that both oonld 
be seen in a longitudinal section. In Varanus monitoTf they lie in a vertical position, 
otte on each side of tiie middle line, between the septum 8Upra«8eptaie above and the 
pceterior cfid pf the ipt^r-oirbital se^um below, as shown in fig. 8, 

• % 
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preojdim and posteriorly with the vestigial pUa postoptica. The orbito- 
sphenoids represent the reduced vestiges of the sphenethmoid ossifica- 
tion of some primitive extinct reptiles (5). Each is a slender bone, 
broader at its dorsal than at its ventral end and forms the antero-lateral, 
lateral and posterior boundary of the optic fenestra (fig. 9). 

On either side of the planum supraseptale, bounded behind and 
laterally by its lateral extensions and in front by the frontals, there 
is a large oval area covered by membrane : this is the fenestra preoptica 
(fig. 12). On either side of the orbitosphenoids, there is a similar 
feneMra postoptica. The fourth nerve (pathetic) leaves the cranial 
cavity at the inner border of this fenestra, while the three branches 
of the third nerve come out a little behind the fourth (fig. 9). 

The vertical inter-orbiM septum is chiefly cartilaginous all along its 
length but a small dorsal part of it lying immediately below the canalis 
olfactorius of the frontals is membranous (fig. Sb). The optic fenestra 
enclosed by the two orbitosphenoids is single when looked at from the 
dorsal side, but as the inter-orbital septum runs vertically below it, 
it is seen to be divided into two when looked at from the ventral side, 
each of the two fencstrae providing an exit for the optic nerve of its 
own side. In dried skulls, the cartilages and membranes of the region 
and the minute orbito-sphenoid bones are lost and therefore the orbits 
are seen to open widely into each other. 

In Lacerta also, the inter-orbital septum is partly membranous and 
partly cartilaginous. Siebcnrock ( 9 ) applies the name inter-orbital 
septum only to the upper membranous part, while the lower cartilagi- 
nous part is distinguished by him as the presphenoid. 

in. The Sente-Captules. 

Of the three sense-capsules, the auditory and the olfactory are 
closely connected with the skull, but the optic capsule is free although 
it is supported and protected by a number of bones of the skull. 


(a) The -Auditory Capsules. 

The auditory capsules are closely associated with the occipital region 
of the cranium and are formed on each side by the pro-otic, the opistho- 
tic part of the ex-occipital and the supra-occipital. Each auditory 
capsule bulges inwards into the cranial cavity as the auditory buUa 
(fig. 6), which is easily seen on each side through the foramen magnum. 
All the three bones taking part in the formation of the auditory cap- 
sules are chondrocranial ossifications. 

The ex-occipitals and the supra-occipital have already been describ- 
ed. We shall, therefore, describe the pro-otic only here. 

The pro-otic (otosphenoid) is an irregularly triradiate bone on each 
side (figs. 2a, 26, 8a, 86 and 10), forming the anterior and antero- 
yentral parts of the auditory capsule. One of its radii (the anterior 
inferior process) is fiat and stumpy and articulates ventrally with the 

2 er lateral border of the basisphenoid in fiK>nt and with the tuber- 
im spheno-occipitale behind. Another radius (the anterior superior 
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jrroceas or the parietal jyrocesa^) articulates moveably against the lateral 
bevelled edge of the parietal internally and against the dorsal end of 
the epipterygoid externally, while the third conical radius (the posterior 
process) fits against the outer surface of the paroccipital process of the 
ex-occipital. The central part of the bone whore the three radii meet 
is hollowed out and fits posteriorly against the opisthotic part of the 
ex-occipital, completing the floor and side-walls of the auditory 
capsule, the roof of the capsule being formed by the supra-ocoipital, 
with the anterior half of which the pro-otic articulates dorsally. The 
outer surface of the dorsal part of the bone is deeply concave, while 
the inner surface is strongly convex. 

Looked at from the side (fig. 2a), the anterior superior and anterior 
inferior processes meet at an angle and enclose between them a triangular 
space covered over in life with a membrane. This membrane is per- 
forated by a large aperture through which the trigeminal nerve (Vth) 
leaves the cranial cavity. This triangular space corresponds to the 
“ incisura otosphenoidea ” (Siebenrock) of Sphenodon and Lacerta, 
The root of the anterior superior process is perforated dorsally by 
the anterior vertical semi-circular canal of the internal ear, the remain- 
ing part of which lies in the corresponding portion of the supra-occipital. 
The greater part of the horizontal semi-circular canal lies within the 
pro-otic in a canal-like perforation of its outer wall, the remaining part 
of this canal lying in the opisthotic part of the ex-occipital (fig. 10). 
The hollow excavation of the central part of the bone extends deep 
into the anterior superior process forming the anterior ampullary recess 
and accommodating both the ampulla anterior and the ampulla hori- 
zontalis of the membranous labyrinth (fig. 10). 

On the outer surface of the bone close to its ventral border, there 
is a groove overhung by an elongated crest which extends forwards even 
on the basisphenoid ; the crest is called the otosphenoidal crest (fig. 2a), 
while the groove is named the sulcus venae jugularis. In this groove, 
there are two foramina : the anterior one provides for the exit of the 
pakUine branch, while the posterior lets through the hyomandibular 
branch of the facial nerve. Immediately below and behind the fora- 
men for the hyomandibular branch of the 7th nerve lies the fenestra 
ovalis (fig. 2) for the insertion of the inner end of the columella auris. 
The anterior and posterior facial foramina lead into a common canal 
within the body of the bone and open internally into the cranial cavity 
by a common aperture, the facial foramen (figs. 26, and 10), lying imme- 
diately behind the “ incisura otosphenoidea ” and below the anterior 
auditory foramen. The inner surface of the pro-otic bears three foramina : 
the facial foramen and the anterior and posterior auditory foramina. 
The facial foramen provides exit for the facial (VII) nerve, while the 
anterior auditory foramen lets through the anterior division of the 
auditory nerve. The posterior auditory foramen lies at the junction 
of the inner wall of the pro-otic with that of the ex-occipital and lets 
through the posterior division of the auditory nerve. 


^ Ata otosphenoidea of Siebenrock. 


1^9 
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The ca/vum capsularis (fig. 10) or the cavity of the auditory capsule 
lodging the internal ear is a more or less spherical apace lined by the 



Tsxt-fio. 10. Dorsal view of the eavum capaitlaria after removal of the supra>occipital* 
The flat upper border with crooked lines and dots represents the place of articula- 
tion with the supra>oceipita] ( xca, 10). 

a-a\ arrow passing through the channel for the anterior semi-circular canal; «.f,, 
anterior arapullary recess ; a,s.c.<, opening for the anterior vertical semieirculai' 
canal; f.r., cochlear cavity ; c.cr., cochlear crest ; ea'.o., ex -occipital ; /.c., fcnestia 
cochleae ; /.o., feiK’sira ovalis ; h.h'.. arrow passing through the channel for the 
horizontal semi-circular canal; p.p.ex.^ paroccipilal process of the ex -occipital ; 
p.p'., arrow passing througli the channel for the posterior vertical semi-circular 
canal ; pro., pro-otic ; r.r., reives sum eochloaris ; vs., vestibular cavity ; m., facial 
foramen ; riii.a.. foramen through which the vrrrvs acvsticvs avUrior leaves the 
crania] cavity ; the arrow represents the course of the nerve, which enters the 
anterior ainpullary recess a.r. to supply the anterior part of the membranous 
labyrinth: viii.p., fornn:cn through which the nermts arusttcus posterior leaves the 
cranial cavity ; the arrow lepn scuts the course of the nerve which enters the inner 
wall of the vestibular cavity just above tho recessus ccx/hlearis. 


perilymphatic membrane and enclosed by the ex-occipital, pro-otic 
and supra-occipital bones. It is divided into an upper large vestibular 
cavity containing the utriculus and the sacculus, and a lower small ftgg- 
shaped cochlear cavity lodging the cochlea and the legena, the two 
cavities being separated by a ridge called the cochlear crest (fig. 10). 
At the anterior end of the vestibular cavity lies the anterior ampuUary 
recess, into which are lodged the ampulla anterior and ampuRa hori- 
zontalis leading into the anterior vertical and horizontal semi-circular 
canals, and into which enters the anterior auditory nerve through a small 
aperture on its inner face. Along the posterior wall of the vestibular 
cavity lie : (1) the posterior ampuUary recess into which is lodged the 
ampulla posterior leading into the posterior vertical semi-circular canal, 
and (2) the opening for the posterior end of the horizontal semi-cir- 
cular canal. Along the inner wall of the vestibular cavity lies the aper- 
ture for the posterior auditory nerve. This aperture and the ^nteiiQr 
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ampuUaiy recess lie in the pro-otic bone, while the posterior ampullary 
recess and the posterior aperture for the horizontal canal lie in the 
ex-occipital. 

The cochlear cavity presents a deep, funnel-shaped pit a long its 
inner wall just below the aperture for the posterior auditory nerve ; 
this is called the receasus cochlearis and lodges the cochlear portion 
of the membranous labyrinth. Immediately behind the recessus coch- 
learis lies a fissure called the fenestra cochleae which leads below into 
the fenestra rotunda and through which the perilymphatic sac passes 
into the recessus scalae tympani. Along the outer edge of the cochlear 



Tbxt-fig. 11. a dittuection of the iwaU’fro-lateral part of tho head showing the tympanic 
membrane and its relations. The lower part of the membrane has been detached 
• and reflected ( x ca. 3). 

a.c., position of the articular cartilage ; c.f.n., chorda tympani nerve ; e.a.. posi- 
tion of the extra-stapes lying immediately beneath the tympanic membrane ; its 
outline is shown in broken lines ; /.a., fovea articularis ; inlx,^ intercalary cartilage ; 
l.j.t lower jaw ; m.d.m., musculus depressor mandibulae, to which is attached the 
posterior border of the tympanic membrane ; par,, parietal ; p.r.a., processes retro- 
artieularis, to which is attached the ventral border of the tympanic membrane ; 
the wavy line represents the cut border of tho tympanic membrane ; ply., posterior 
end of the pterygoid ; q., quadrate ; r.q„ outer ridge of the quadrate to which is 
attached the dorsal and anterior border of the tympanic membrane ; »q., squamosal ; 
sA., supra-temporal ; si.a., stapedial artery (arteria auricularis) ; ty.c., tympanic 
cavity; ty.m., tympanic membrane in position; iy.fnf., tympanic membrane cut 
and reflected. 

cavity lies anotiier fissme wMch opens into the fenestra ovalis and 
thioi^ which the inner end of the stapes fits against the perilymphatic 
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membnuie of the internal ear. The leceasus cochlea]^ lies in Ae pro- 
otic bone, the fenestra cochleae perforates the ex-occipital, while the 
fissurO leading into the fenestra ovalis lies between the ex-occipital and 
the pro-otic. Fig. 10 represents the cavura capsnlaris and the associat- 
ed chambers and canaliculi in relation to the different parts of the mem- 
branous labyrinth. 

The cohtmMa auris (figs. 1 and 12) extends from the fenestra ovalis 
to the tympanic membrane across the cavity of the middle ear. It 
consists of two distinct parts : (a) a long proximal bony ^ ^lled the 
stapes or cdlumeUa, with a small cartilaginous piece at its inner end 
embedded in the membrane closing the fenestra ovalis ; the outer 



TiXT-rio. 12. The coltimellA aucis (xoa. 14). 


extra-atapes ; p,int., internal or ventral process ; stapes ; Lp., iyn^panio 
process* 

end of the stapes reaphes the level of the upper end of the quadrate 
bone where it (the stapes) is connected with the base of the proeestms 
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ifUernus of the extra-columella ; and (6) a distal cartilaginous 
triradiate part called the extra-stapes or eoctra-columeUa, which consists 
of a thick elongated concave piece or body pressed obliquely against 
the upper half of the tympanic membrane (fig. 11) and a processus 
internus or ventralis (quadrate qrrocess) which is slightly curved and runs 
downwards and forwards along the posterior surface of the quadrate. 
A processus dorsalis is absent. The forked end of the body of the extra- 
stapes rests against the quadrate while the other pointed end reaches 
about the centre of the tympanic membrane (fig. 11). A strong liga- 
ment passes from the “ intercalary (a meniscus of cartilage wedged 
in between the quadrate and the paroccipital process of the ex-occipital 
ventro-internally) to the outer side of the body of the extra-stapes, 
between it and the tympanic membrane; another ligament from the 
intercalary passes directly across the anterior surface of the extra- 
stapes and is inserted along the anterior surface of the processus internus 
(% 13). 

The chorda tympani nerve (figs. 11 and 13) branches off from the hyo- 
mandibular division of the Vllth along the posterior wall of the cavity 
of the middle ear, close to the upper end of the quadrate, and runs for- 
wards and downwards along the ridge on the posterior surface of the 
quadrate, between it and the processus internus of the extra-columella, 
towards the lower end of the quadrate, where it crosses over to the 
outer side of the pterygo-quadrate articulation (fig. 13) and then 
runs downwards to enter into the foramen on the dorsal surface of the 
post-articular process of the mandible. 

We may note here that the anterior and dorsal borders of the 
tympanic membrane are supported by the outer elongated ridge 
(tympanic crest) and the upper end of the quadrate and that the ventral 
border of the tympanic membrane is supported by the post-articular 
process of the mandible of the lower jaw, while its posterior border 
is supported by the musadus depressor mandibulae (fig. 11). 

(b) Bones in Relation with the Optic Capsules. 

The optic capsule proper (the eye-ball) remains free from the skull 
and retains its usual mobility. It is not bony by itself but is protected 
by a number of bones of the skull, which are described at this place 
as a matter of convenience. 

The supra-oibitals (fig. 4) are a pair of triangular bones, each of 
which is attached by its broad base to the outer upper border of the 
pre-frontal of its own side, but is free along its other two sides and 
also at its apex. The bone is more or less flattened and strongly curved 
backwards, so that its inner border is strongly concave while the outer 
border is slightly convex. The detached bone strongly resembles a 
large tooth of a shark. The supra-orbital undoubtedly affords a strong 
protection to the antero-dorsal part of the eye-ball and forms the anterior 
and incomplete outer boundary of the supra-orbital fossa. 

The paired pre-fronUds (fig. 8a) are capsule-shaped bones, each 
with an elongat^ conical process, which forms a sort of handle to the 
capsule and articulates with the antero-lateral border of each frontal. 
The capsular body of the bone articulates directly with the lacrymal 
on the outside and with the maxilla in front, and through a small inter- 
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vening area of cartilage with the palatine below. The tyiangulw supra- 
orbital is loosely attached to its antero-lateral border and often gets 
detached. The posterior surface of the pre-frontal forms the anterior 
wall of the orbit, while its anterior cup-shaped surface ™ 

the lacrymal forms the hind-wall and part of the lateral wall of t e 
olfactory chamber. The outer border of the pre-frontal with the mner 
border of the lacrymal encloses a large oval aperture, the orbito-fuisal 
canal. . 

The lacrymal (fig. 8a) on each side is a small irregular bone v^dged 
in between the pre-frontal on the inside and the posterior border of 
the maxilla on the outside. The anterior end of the bone is produced 
into a small triangular process which articulates with the inner surface 
of the maxilla and forms part of the lateral wall of the olfactory chan^ 
ber. Posteriorly also, the bone is produced into a short but broad 
triangular process which is prominently seen at the anterior borcmr 
of the orbit, just below the base of the supra-orbital (fig. 8a). The 
inner surface of the bone is concave and forms the entire outer border 
of the orbito-nasal canal. The ventral part of the bone articulates 
with the jugal and the maxillary process of the palatine and is perforated 
by a small oval foramen, the lacrymal foramen, which provides a^passage 
for the lacrymal canal. 

The post-orbitals (post-frontals of Siebcnrock) are a pair of elongated 
bones, each with a clasp-shaped process on the inner side of its anterior 
half (fig. 4). The elongated posterior bar of the bone articulates with 
the squamosal behind and forms the anterior half of the supra-ternporal 
arcade. The outer anterior end of the bone is curved downwards and 
fonns a short thick conical process, the orbital process, which is con- 
nected by means of a cartilaginous bar with the posterior end of the 
jugal, thus forming the outer posterior boundary of the orbit. The 
anterior and inner clasp-shaped process has a deeply concave inner 
border and closely grips within it the antero-lateral border of the parietal 
and the postero-lateral border of the frontal bone. 

There is a single post-orbital on each side unlike the case in some 
species of Lacerta in which there are tw^o on each side, described by 
Siebenrock ( 0 ) as post-frontal 1 and post-frontal 2. 

The paired jugals (fig. 8a) are slender curved bones forming with 
the lacrymals the outer ventral boundary of the orbit. Anteriorly 
each of them is thickened and is triangular in cross-section, but posterior- 
ly it becomes slender and pointed. It articulates anteriorly with the 
maxilla and the lacrymal, laterally with the transverse, while posteriorly 
it is connected with the post-orbital through a slender cord of cartilage. 
Its anterior part articulating wdth the maxilla is called the m^iUary 
process, while its posterior part leading towards the post-orbital is called 
the tefnporal process. A quadrato-jugal is absent in the skull of the 
Lacertilia. The loss of this bone evidently leads to a greater mobility 
of the jaws. 

All these four bones are dermal in origin {investing bones). 

The free bony shields {lamina superdliaris and schUfanpanzer of 
Siebenrock) covering the orbit from above and also the temporal region 
in Lacerta are absent in Varanus. Thus, the scuta supraaoularia and 
the scuta superciliaria are absent and so are the scuta tempordUa. 
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(o) Bones in Relation with the Olfactory Capsides, 

The olfactory capsules are two fairly large oblong structures 
occupying the greater part of the facial portion of the skull. They 
lie in front of the crania] cavity, one on each side of the middle line, 
and are formed almost completely of cartilage partially protected by 
bones. Each is bounded behind by the pre-frontal and the lacrymal, and 
laterally by the lacrjmial and the maxilla ; the roof is covered over chiefly 
by the integument of the face and only partially by the united nasals 
behind, while the floor is formed by the flat rostral portion of the maxilla 
and the septo-maxillary in front, and the vomer and the vomerine process 
of the palatine behind. The two capsules are separated from each 
other and boimded internally by the nasal process of the pre-maxilla 
and the cartilaginous nasal septum which extends below and behind 
this bony nasal process, and continues behind into the inter-orbital 
septum. 

Each olfactory capsule is horse-shoe-shaped in outline and consists 
of two parts : (1) the vestibule ^ corresponding to the outer limb of the 
Hj which begins behind witli the external narial aperture and leads for- 
wards right up to the junction of the pre-maxilla and maxilla ; and (2) 
the olfactory chamber corresponding to the inner limb of the n and lying 
parallel and internal to tlie vestibule and leading backwards to open 
into the buccal cavity through the internal nares or choanae. The vesti- 
bule and the olfactory chamber are continuous with each other at the 
extreme anterior end just behind the pre-maxilla, but are separated 
from each other along the remaining parts of their lengths by an 
obliquely vertical cartilaginous partition called the concha. The ex- 
ternal nares are fimnel-shaped ; each is bounded behind by the slightly 
flattened and gradually ascending anterior border of the maxilla and 
leads forwards into the vestibule, which extends right up to the pre- 
maxilla and then turns round on the inner side of the concha to continue 
into the olfactory chamber. The concha extends forwards and inwards 
from the posterior border of each external nare along the outer edge 
of each septo-maxillary, as seen from the dorsal surface. 

The united nasals (fig. 4) form an elongated, more or less triangular, 
bone lying immediately anterior to the frontals. The two bones are 
fused together along the greater part of their length and form a more 
or less flat plate, but their laterally compressed and conical anterior 
fourths remain separate, enclosing between them the posterior end of 
the median nasal process of the pre-maxilla, which extends behind to 
meet the frontals ventrally beneath the nasals (fig. 11). Posteriorly 
the nasals present a short median cleft and are produced into two small 
lateral wing-like processes, each of which closely fits into the concavity 
and cleft at the anterior end of each frontal. The nasals form a very 
small part of the roof at the posterior end of each olfactory chamber, 
the greater part of which is covered by the thick integument of the face. 
The cartilaginous irUer-nasal septum is attached to the ventral surface 
of the frontals and the nasal process of the pre-maxilla in the middle 
line, the nasals remaining on the dorsal surface of the skull (fig. 11). 

The paired septo-meunUaries {turbinals of Siebenrock) are two small, 
more or less triangular bones, lying one on each side of the nasal process 
of the pre-maxilla, between it and the maxilla on the outside (fig. 4). 
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Dorsally each of these bones is seen to lie just behind the flat rostral 
portion of the maxilla. A disarticulated bone has the shape of an in- 
verted watch-glass, the hollow being directed ventralwards so as to 
overlie the anterior part of the vomer and enclose the Jacobson’s organ 
within. The latter coinrnunicates with the anterior part of the buccal 
cavity through a triangular aperture on the roof of the mouth, between 
the maxilla and the vomer (fig. 1). Along the whole length of its inner 
border, each septo-maxillary presents a narrow groove, along which 
runs the ramm frontalis ophthalmid nerve (V). At the anterior conical 
end of the bone this nerve gives off‘ a branch which passes through a 
foramen {the anterior septo-wmillary foramen) and runs outwards along 
the antero-lateral border of the bone and then penetrates inwards to 
innervate the mucous membrane of the Jacobson’s organ. 

All the bones in relation with the olfactory capsule are dermal 
investing bones. 


IV. The Suspensorium. 

The suspensoriuni is formed on eacli side by the stout pillar-like 
quadrate, the ventral end {condylus mandihularis) of which forms the 
articular surface for the lower jaw, while the dorsal end is supported 
and strengthened by the squamosal, the supra-temporal and the 
paroccipital process of the ex-occipital (fig. 8a). 

The palatoquadratc cartilage is very much reduced in the Amniota, 
the only parts remaining being the processus ascendens and the basal 
process articulating with th^' basitrabecular process and the quadrate 
cartilage. The former ossifies as the cpipterygoid bone and the basiptery- 
goid process of the basisphenoid and the latter as the quadrate bone 
( 6 , p. 440). 

The quadrate is a stout pillar-like bone forming the posterior bound- 
ary of the side- wall of the skull and the anterior and outer boundary 
of the middle ear. It is disposed in an obliquely dorso-ventral direc- 
tion, the dorsal end being directed backwards and the ventral end 
slightly forwards. The upper dorsal end {condylus cephalicus) is ex- 
panded antero-posteriorly and articulates above with the squamosal, 
the supra-temporal and the paroccipital process of the ex-occipital 
(fig. 8a). Between the articular surface of the quadrate and the par- 
occipital process, there is a small meniscus of cartilage called the “ inter- 
calary cartilage ” {supra p. 165). This cartilage provides for the move- 
ment of the quadrate on the paroccipital process {streptostylism). In 
front of the articulation with the squamosal, there is a more or less round- 
ed facet covered with cartilage for the insertion of the adductores mandi- 
bulae extemus and medius muscles. The lower end is expanded laterally 
to form the articular surface for the lower jaw. Close to this articular 
surface, along its internal border, the quadrate bears a facet for articula- 
tion with the pterygoid. Along both of its outer and inner borders, 
the quadrate is produced into thin elongated ridges, to the outer of which 
{tympanic crest) is attached the anterior margin of tlie tympanic mem- 
brane. The anterior and posterior surfaces are broad ; the anterior 
gives attachment to the adductores mandibulae extemus and medius 
muscles, while the whole of the posterior surface forms part of the 
cavity of the middle ear. 
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Txxt-fio. 13. Ventral view of the left half of the j^sterior part oi the skull showing the 
relations of the nerves and arteries with the bones (xca. 4i). 

b.o., bssloocipital ; basisphenotd ; r, <»IuineUa cranli ; e.t.n., chorda tympani nerve ; e.i., 
extra-stapes ; ex-occipital ; f.a., facial artery ; i.c., internal carotid artery ; lig., two lisa- 
ments, first, between the outer surface ul the extra-stapes and the tympanic membrane originating 
from the intercalary cartilage : the second also originates from the same cartilage and 
goes towards the proeetiMt venInUtt of the extra-stapes on which it is inserted ; o,b., occipital branch 
of the internal carotid artery ; p.i.e., palatine branch of the internal carotid ; p.o., poet-orbital ; 
pfy-i pterygbkl ; y., quadrate ; tt.a., stapedial arrery (arteria auricnlaris) ; sy., sympathetic nerve 
tnbei^um sj^eno-ocdpitale ; v.n., vidian nerve consisting of the palatine blanch of the Vlltli 
nerve and the sympathetic ; vii p., palatine branch of the Vilth nerve ; hyomaadibuJar 

branch ; ir., glosso-pharyngeal ; combined ninth and sympathetic nerve ; x,t vagos nerve ; 

xi,, spinal accessory ; xfi., hypoglossal nerve. 
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The paired epipterygoids {columeUa cranii) are slender rod-shaped 
bones (figs. 8a and 86) which are disposed in an obliquely dorso-ventral 
direction, the ventral end lying distinctly anterior to the dorsal end. 
The dorsal and ventral ends of the bone are slightly flattened ; the 
dorsal end fits against the parietal process of the pro-otic, while the 
ventral fits into a depression (fossa columellae) on the dorsal surface of 
the pterygoid at about the middle of its length. 

The squamosal (fig. 8a) is a thin elongated bone curved posteriorly 
into a comma-like shape, the head of the comma fitting on to the dorsal 
end of the quadrate and against the outer surface of the supra-temporal. 
The anterior end of the bone forming the tail of the comma is directed 
forwards and fits against the outer surface of the hinder end of the 
post-orbital, the two bones together (squamosal and post-orbital) form- 
ing the superior temporal arcade. 

The supra-temporal (figs. 4 and 8a) is a small bone resembling in 
shape the Kukri (short sword) of the Gurkha soldier. It is curved like 
the sc^uamosal and its lower hinder end fits on to the dorsal end of the 
quadrate. Its anterior blade-like portion is sickle-shaped and covers 
externally the hinder end of the supra-temporal process of the parietal, 
while its posterior curved end is wedged in between the squamosal 
externally and the paroccipital process of the ex-occipital internally. 

The quadrate and the cpipterygoid arc endochondral ossifications 
of the palatoquadrato cartilage but the squamosal and the supra-tem- 
poral are dermal bones 

V* The Palate and the Upper Jaw. 

The palate and the upper jaw are formed of the pterygoids, 
cctopterygoids (transpalatiues), palatines and vomers and the pre- 
maxillae and the maxillae. All these are dermal (investing) bones. 

The pterygoid' (figs. 1 and 8) is an elongated, slightly curved bone, 
which forms a more or less fiat plate in front and a long outwardly direct- 
ed rod-like process behind. The flat plate is produced in front into an 
expanded palatal process articulating with the palatine, and externally 
into a conical transverse process articulating with the ectopterygoid 
(transverse). These two processes enclose between them a space which 
forms the posterior part of the sub-orbital fossa (fig. 1). The rod- 
like quadrale process is the longest and rests posteriorly against the 
inner border of the ([uadrate, close to its lower end, in such a way 
that the articulation is movable, the pterygoid sliding on the quad- 
rate. On the dorsal surface, at the junction of the quadrate and palatal 
processes, lies a slightly elongated but deep pit, the fossa columellae, 
into which fits the lower end of the epipterygoid (columeUa cranii) ; on 
the inner surface of the pterygoid, about the middle of its length, support- 
ed below by a small conical tubercle, lies the articular facet for the 
basipterygoid process of the basisphenoid. As in Sphenodon, there 
is a cartUaginous meniscus between the basipterygoid process of the 
basisphenoid and the pterygoid. This meniscus is prominent in the adult 
Varanus and Broom holds that it corresponds to the mesopterygoid 
of Fishes. The pterygoid in Varanus does not articulate with the 
vomer as it does in Sphenodon, Uromastix, the Crocodilia and some 
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Chelonia. Unlike the case in Ldcerta, the pterygoids of Varanus bear 
no teeth. 

Between the pterygo-palato-vomerine bar on the outside and the 
ventral border of the inter-orbital and inter-nasal septum in the middle 
line, there is an elongated space called the incisura pirifonnis or the 
lacuna pterygo-vomerina of Siebenrock (fig. 1). 

The transverse (ectopterygoid or transpalatine) is a small curved bone 
(fig. 1), the inner and posterior end of which embraces the transverse 
process of the pterygoid, while the anterior end fits against the maxilla 
and the maxillary process of the palatine. The internal concave border 
of the bone forms the outer boundary of the sub-orbital fossa, while 
its outer and dorsal convex border articulates all along its length with 
the jugal. 

The palatine (figs. 1 and 14) is roughly H-shaped in appearance 
and has an irregular outline, with three differently shaped articulating 
processes : (1) the anterior process is narrow and elongated ; it is directed 
antero-mesially and articulates with the vomer in front ; it is therefore 
called the vomerine process ; (2) the posterior process is broad 



Tbxt-fio. 14. Palatine of the right side (Xffl. 3). 
rt., ventral view; 6., dorsal view. 

mx.pr., maxillary process ; piy.pr., pterygoid process ; V.mx., foramen for the 
maxillary division of the Vth nerve; vo.pr,^ vomerine process. 


and is directed backwards and slightly outwards ; it is produced at 
its distal end into three small conical projections, which articulate 
immovably with the pterygoid behind ; this process is called the 
pterygoid process ; (3) the third or the outer lateral process is narrow 
at its origin but is expanded antero-posteriorly at its distal end, which 
forms an elongated articular surface for the maxilla on the outside; 
the pointed posterior end of the process joins the jugal and transverse 
bones ; this outer process may be called the maxillary process. It is 
perforated by a foramen {the maxillary or palatine foramen), through 
which the superior alveolar nerve (maxillary branch of the Vth nerve) 
along with the inferior orbital artery and the vena maxillaris passes 
into the long bony canal {canalis alveolaris superior) of the maxilla. 
On the dorsal surface, the anterior concave border joining the vomerine 
and maxillary processes is produced into a shallow ridge on which are 
seated the pre-frontal and lacrymal bones. The palatines bear no 
teeth. 

The upper surface of the palatine with the pterygoid behind forms 
the floor of the orbit, while the anterior smaller portion of the palatine 
with tjie vomer foxm« the floor pf t|ie nasal chamber, 
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The paired vomers (figs. 1 and 15) lie, one on each side of the middle 
line, in front of the palatines, and together form the median part of 
the roof of the anterior region of the buccal cavity. Looked at from 
the dorsal surface (fig. 15), the posterior two-thirds of each vomer 
appears like an open drain-pipe, the outer wall of which is higher than 
the inner and is slightly curved inwards. Along this drain-pipe canal 
of the vomer run the dorsal ^yahtine artery and the ramus frontalis 
ophthalmict of the. Vth nerm and the branch of the olfactory nerve 
going to the Jacobson's organ. Anteriorly each vomer at first flattens 
and then becomes pointed at the extreme anterior end, which articu- 
lates with and is covered over by the palatal process of the pre-maxilla. 
At about one-fourth of its length from the anterior end, each bone gives 
off* a very small and slender rod-like process expanding into a small 
kidney-shaped outgrowth at its end (fig. 15), the process and its out- 
growth being so thin and delicate as to be broken off in prepared skulls. 
In a whole skull this outgrowth projects into the ventral hollow con- 
cavity of the septo-maxillary and forms in life a ventral ingrowth into 
the cavity of the Jacobson’s organ. Just behind this process, on each 
lateral bord(»T, there is an articular facet for articulation with the maxilla 
of each side. Posteriorly eacli vomer diverges from the middler line 
and articulates with the palatine of each side, while dorsally the greater 
part of the vomer is covered over by the septo-maxillary of each side 
and the nasal process of the premaxilla in the median line. 



Tbxt-vzq. 16. Dorsal view of the vomers (xca. 3). 

a.j.o., aperture for the Jacobson’s organ ; f-.p.. renifotm or kidney -shaped process 
of each vomer which projects upwards into the cavity of the Jacobson’s organ ; 
vomerine aperture. 


On the ventral surface, the anterior part of the vomers bears a low 
median ridge flanked by two long oblique ridges, one on each side. 
Enclosed between the posterior ends of these oblique ridges, there are 
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two mmute foramina, the vomerine apertures (figs. 1 and 15), one on 
each side. Through each of these foramina comes out a small vein 
from the posterior part of the Jacobson’s organ and enters the sinus 
paiatinus medius lying immediately beneath the mucous membrane 
of the roof of the mouth at this place. About half an inch in front of 
these foramina, there are two large triangular apertures, each enclosed 
between the vomer and maxilla of its own side, just in front of the arti- 
cular facet of the vomer fitting against the maxilla ; these are the open- 
ings of the Jacobson^ s organs (fig. 1) into the buccal cavity. 

The vomers bear no teeth. 

The paired maxillae (fig. 8a) arc extensive bones, more or less 
triangular in outline, which form the greater part of the face of the 
lizard, with narrow alveolar and palatal portions. Each maxilla arti- 
culates in front with the pre-maxilla, mesially witli the septo-maxillary 
and the vomer and through a piece of cartilage with the nasal process 
of the pre-maxilla, and posteriorly with the pre-frontal, the lacryinal, 
the jugal, the transverse and the maxillary process of the palatine. 
The anterior part of each maxilla is made up of a narrow vertical facial 
portion and a flattened nasal or rostral portion lying on each side of 
and in front of the septo-maxillary ; this nasal portion forms the floor 
of the vestibule of the olfactory capsule. The posterior part of the 
maxilla is chiefly facial in position and forms a high lateral wall on 
the outer side of the hinder part of the olfactory chamber. The anterior 
concave border of the high lateral wall forms the posterior border of the 
anterior nare on each side. The alveolar portion of the maxilla is narrow 
except at its anterior end and at its junction with the vomer, where 
it forms flat palatal processes. 

The alveolar portion of the bone is tunnelled through by the canalis 
alveolaris supeiior, which lodges the superior alveolar nerve and the arteria 
maxillaris (p.) 161. The cutaneous branches of this nerve come out 
through several (8-10) fine openings which lie in a long row, a little 
above the base of the outer facial part of the bone. Another aperture 
on the palatal surface between the first group of two teeth and the other 
group of six or seven transmits the palatal branch of the superior alveolar 
nerve. 

The pre-maxillae (figs. 1, 4, 8a and 16) of the two sides are united 
to form a single median pre-maxilla^ which forms a triangular rostral 
body at the anterior end of the skull and gives off posteriorly a long 
median laterally compressed sabre-shaped process, the nasal process. 
The posterior end of the nasal process is wedged in between the nasals 
and extends behind to meet the frontals beneath the nasals, while along 
the greater part of its length, it divides the two septo-maxillaries from 
each other and supports the cartilaginous inter-nasal septum behind. 
The median rostral portion (body) gives off on the ventral surface a short 
vomero-maxillary process on each side ; these two processes meet in the 
middle line and form the anteriormost part of the hard palate, articulating 
behind with the vomers and laterally with the maxilla of each side. At 
i^e junction of the two vomero-maxillary processes in the mid-ventral 
line^ ecu^h process is produced into a ridge, the two ridges together forming 
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a double median ridge projecting in front and overhanging the ventral 
pre-maxillary foramina. 



• TsxT-Fia. 16. Bre-maxilla (xca. 3). 

a,f dorsal view : 6., venti ol view. 

b,pmx., body of the pro-maxilla; d.p.f., dorsnl prc-maxillhiy foipmcn; v.jr., 
nasal process of the pro-maxilla; p-p.f-t ponterior ])rc-maxillary foiainen ; r.p.f.f 
ventral pre-maxillary foramen ; ro.m.p., vovero-maxillary process. 

Three pairs of foramina are seen on the united pre-maxillae. A 
pair of transversely elongated slit-like foramina perforate the dorso- 
lateral surfaces of the pre-maxillae. These anterior dorsal pre-rnaxillary 
foramina look like anterior narial apertures and lead behind into the two 
posterior pre-inaxillary foramina, lying one -on each side of the root of 
the nasal process on the pre-maxilla. At the extreme anterior end 
of the hard palatal vomeromaxillary processes, there are a pair a ventral 
pre-maxillary foramina which also lead into the posterior pre-maxillary 
foramina. The ventral foramina transmit the anterior smaU branches of 
the arteria maxillaris, while the anterior and posterior foramina transmit 
the ramus frontalis ophthalmici branch of the Vth nerve. 

The united premaxillae generally carry 8 small teeth on the inner 
side of their margin. 

VI. The Lower Jaw. 

The lower jaw (fig. 17) consists of two long slightly curved rami^ 
which are united together at their anterior ends through a bony s}rm- 
physis. Each ramus consists of six bones : the articular {-\-pre-articular), 
the angular, the supra-angular, the splenial, the coronoid and the dentary. 
The articular, with which is united the pre-articular> the hinder 
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proximal end of the mandible. It is an elongated bone, the posterior 
part of which is strong and stout, while the anterior part is thin and 
vertical. The posterior stout part bears on its dorsal surface a trans- 
versely concave facet {fovea articnlaris) for articulation with the lower 
end of the quadrate. The part of the bone behind the articular facet 
is called the post-articvlar process {processus retro-articularis). The 
outer upper border of Ihis process forms the ventral boundary of the 
tympanic membrane (fig. 11), Avhile its dorsal surface behind the fovea 
articularis is depressed to form a shallow fossa rciro-articidans^ at the 
anterior end of which there is an aperture for the entrance of the chorda 
tywpani nerve. The posterior end of the articular is tipped with a 
piece of cartilage on which is inserted the musculus depressor niandi- 
hulae (fig. 11). The thin vortical anterior part of the articular fits 
against the inner surface of the ventral part of the supra-angular. The 
articular extends ovei half the length of the mandible on the inner side, 
and is, in fact, the longest of all the bones of the lower jaw. 

Closely fitting against the part of the articular lying in front 
of the fovea articularis is the supra-angular, visible chiefly on the 
outer surface of the mandible, although partially visible also on the 
inner and dorsal surfaces. This is a stout laterally compressed bone 
which expands posteriorly to form a depresscid surface, and grips the 
vertical surface of the articular immediately Vjelow and in front of the 
fovea articularis. About the middle of its length, the supra>angular 
is produced dorsally into a flat triangular process which fits into the 
coronoid and is, therefore, called the coronoid pirocess. 

The supra-angular bears a number of foramina. Close to its poste- 
rior end, running through the thickness of the bone from the inner to 
the outer surface, there is a canal-like perforation into which enters, 
from the inner surface, the nervus cutaneous recurrens maxillae inferiores 
branch of the mandi})ular division of the Yth nerve. This nerve comes 
out on the outer surface almost opposite the leading-in foramen and 
supplies the skin of this region. Just in front of this foramen, on the 
inner surface of the mandible, bounded ventrally and internally by 
the articular, and dorsally and externally by the supra-angular, there 
is a large elliptical fossa, the fossa Meckelii, at the anterior end of which 
lies the mandibular foramen, through this foramen the main trunk 
of the niandibular division of the Yth nerve and the mandibular artery 
enter the lower jaw, while the mandibular vein comes out of this fora- 
men. The mandibular nerve gives off several branches : one of them 
comes out through a foramen on the outer surface of the coronoid process 
of the supra-angular ; another branch canalises the supra-angular all 
along its length, but the main trunk of the nerve runs in a ventral canal 
formed by the apposition of the articular and the supra-angular as the 
nervus alveolaris inferior. 

When the articular and supra-angular are fitted together, there 
remains an elongated cleft between the anterior thirds of their ventral 
borders ; this cleft is filled up in the complete lower jaw by the angular, 
W’hich is a short and thin splint-like bone, being, in fact, the smallest 
of the six bones of the mandible. The greater part of the angular is 
wedged in between the articular and the supra-angular, while a 
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small anterior part lies in between the dentary on the outside and 
the splenia] on the inside. About the middle of its len^h, the angular 
bears a foramen wliich leads into the canalis alveolaris inferior, and 
transmits the angular branch of the nervus alveolaris inferior. 

p.m. 



Text-iio. 17. Tho mandihlc ( xc«. 2). 
a. from the out<‘r side ; b. from the inner side, 
r/.r,, artieular a.i.h,, foramen for a hrniieh of the nervns alveolaris 

inferior ; anjiular ; (ir\<f.f., anonlar fornnu'n ; art., artieular ; r.c/., crista dentalis ; 
cor., eoroiioid ; (but., dentary ; /.o., fovea articiiloris ; f.o.l.. foramen for the main 
trunk of the nervus alveolaiis inferior; /.e.r.n?., foramen for the cutaneous rc- 
currens maxillae inferiorrs branch of the mandibiilar division of tho Vth nerve; 
f.r.f., foramen for the chorda tympani branch of the Vllth nerve fossa 

Nieeki'lii ; m./., mandibular foramen for the entrance of tlu^ mandibular division 
of the Vth nerve and the mandibular artery; m.'u.b.. foramen for a branch of the 
mandibular nerve: mental foiamen; surfnie of the mandibular sym- 

physis; n.n.i.f., foramina for the branches of the nervus alveolaris inferior (mandi- 
bular division of tho Vth nerve); p. 7 a., processus messetcricus ; r.ar/.p., processus 
retro-articularis ; ft.anrj,, supra-angular ; u.c.vi., sulcus eartilaginis Mcckelii ; spl., 
splenial. 

The deritary forms tho groater part of the distal half of the mandi- 
ble. Its inner surface is partially covered by the splenial, while on 
its outer surface it is fully exposed and presents a long row of eight 
foramina, the most y)osterior of which is called the mental foramen for 
the exit of the menkd branch of the inferior alveolar nerve. The bone 
is canalised all along its length ])y the nervus alveolaris inferior, which 
gives off several branches, each coming out of one of the eight foramina 
of the row. The upper inner border of the dentary, called the crista 
dentalis, bears nine teeth. Along its ventral and inner border runs 
an open cbannel, narrow in front but wide behind, called the sulcus 
eartilaginis Meclcelii, into which fits the persistent part of the MeckeVs 
cartilage. The anterior end of the dentary is slightly flattened on its 
inner surface and fits against a similar surface of the dentary of the 
other side to form the symphysis mandihularis. The posterior end 
of the dentary has a concave border and a deep notch into which fitQ 
the anterior end^of the supra'angular. 



16? 


1S3?.] K. N. Bahl : Skull of Varanua moniUyr. 

The splenial consists of a thin vertical quadrangular part and an 
elongated horizontal splint-like part. The vertical part partially covers 
internally a part of each of the articular, supra-aiigular, coroiioid and 
dentary bones and serves to hold all these bones togetlier, while the 
lower horizontal part forms the inner surface of the ventral border of 
the mandible and serves to hold the angular in position. On the inner 
surface of the mandible, between the anterior border of the splenial 
and the lower border of the dentary, there is a large elliptical notch, 
the greater part of which lodges the posterior end of the Meckel’s car- 
tilage, while at the bottom of the notch there is a forainen through 
which the inferior alveolar nerve enters the dentary. 

The coronoid is an elongated triangular bone which is slightly twdsted 
and is seated on the coronoid process of tlie siipra-angular. It arti- 
culates posteriorly with the articular and the supra-angular and anterior- 
ly with the splenial and the dontary. Along its ventral border, it 
presents a shallow' groove into whicl) fits the upper border of the coro- 
noid process of the supra-angular. Tlui posterior end of the bone forms 
the anterior boundary of the mandibular foramen in the fossa Meckelii, 
while the vertex of the bone in the complete skull projects upwards 
into the lateral temj)oral fossa to form the processus mcsselericus. The 
outer posterior border of th<i coronoid along with the upper border 
of the supra-angular servers for the attachnumt of t)ie adductores mandi- 
bulac externus and inedius muscles. 

Of the six bones of tlie lower jaw, the articular alone is an endo- 
chondral ossification, wdiile the other five are dermal bones. 


Vn. Temporal arcades and fossae and other large vacuities. 

The temporal region of the skull is strongly ])uilt and bears a lateral 
bridge or arcade called the superior temporal arccuJe (figs. 3 and 8a), 
formed by the post-orbital and the s(|uamosal ; a second arcade, the 
mferior temporal arcade, formed by the jugal and (juadrato-jugal in 
Sphenodon and the (hocodilia amongst recent reptiles, is absent in 
Varanus, there being no quadrato- jugal in Varanus. Wo get three fossae 
in the temporal region : (1) a more or less triangular superior temporal 
fossa (figs. 4 and 10) on the roof of tlie skull on eacli side, bounded 
externally by the superior temporal arcade and internally by the parietal 
and supra-temporal ; (2) a confiuent lateral and wferior temporal fossa 
bounded above by the superior temporal arcade, below by the ptery- 
goid and behind by the quadrate; and (3) a post-temporal fossa (foramen 
retro-temporale of Sieberirock) on the posterior aspect of the skull (fig. 0), 
which is more or less triangular in outline and is bounded above by 
the post-temporal process of. the parietal and below by the supra and 
ex-occipitals and the pro-otic. In life, these temporal fossae are filled 
in by the adductor mandibulae muscles and the extensor muscles of 
the head. 

Lying in front of each superior temporal fossa is the incomplete 
supra-orbital fossa (fig. 3) on each side, bounded by the supra-orbital 
and pre-frontal in front and the frontal and post-orbital internally 
and behind. It is incomplete on its outer and hinder aspects, aa there 
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is no bony connection between tbe supra-orbital and the post-orbital, 
the two being joined only by a cartilaginous bar. 

On the ventral surface of the skull in its posterior region, there is 
a large quadrangular vacuity on each side, bounded internally by the 
outer edge of the floor of the cranium and externally by the quadrate 
and the quadrate process of tlie pterygoid. In the living condition, 
the tympanic membrane stretches across the hinder part of this vacuity, 
which is really the cavity of the iniddk ear. In front of these two vacui- 
ties, lying beneath the optic capsules, there are two elongated oval 
apertures, one on each side, surrounded by tlie pterygoid, transverse 
and palatine bones. These are the sub-orhital fenestrae. In the middle, 
there are two largo cavities lying one on each side of the parasphcnoid 
and the inter-orbital septum in the mid-ventral line, and l)Ounded ex- 
ternally by the pterygoids and palatines : these (fig. 1) are called the 
incisura piriformis (inter- pterygoid fissures). In front of these fissures 
there are a pair of large elongated cllipti(‘al openings, the posterior 
portions of which form the choanae or the internal nares (fig. 1). 

Vni. The Foramina of the Skull. 

(a) Dorsal Surface (fig. 4). 

1. The dorsal pre-maxUlary foramina are a pair of small slit-like 
apertures, one on <'ach side of the middle line, on the dorso-lateral sur- 
faces of the body of the united pre-maxilUn*. In a dry skull they look 
like a pair of e.xtiU'iial nostrils. Through these emerge two short ter- 
minal branclu‘s of the raniut: frontalis oph that mid of the deep ophthalmic 
division of the Vth nerve to supply the skin of the snout. 

2. The posterior pre-max ill ary foramina arc a pair of small apertures, 
one at each angle between the median nasal process of the pre-maxilla 
and the body of the pre-maxilla. These apertures lead through very 
short canals within the united pre-maxillae to the dorsal pre-maxillary 
foramina. The ramus frontalis ophthahnici enters the pre-maxilla through 
each of these two apertures. 

3. The anterior septo- maxillary foramina are a pair of apertures, 
at the anterior end of eacli septo-maxillary. Each of these transmits 
a lateral twig of the ramus frontalis ophthalmici along with a small vein. 

4. The dorsal septo- maxillary foramina arc a pair of small apertures 
as shown in fig. 4. They also transmit a branch of the ramus frontalis 
ophthalmici of the Vth nerve. 

5. The posterior sepio-maxillaxy foramimt are a pair of small aper- 
tures, each at the posterior end of each septo-maxillary. The ramus 
frontalis ophthalmici enters this foramen to run forwards along the inner 
border of the septo-maxillary all along its length. 

6. The anterior narial openings are a pair of oval apertures, one on 
each side on the maxillae. Each is bounded anteriorly by cartilage 
and posteriorly by the ascending anterior border of the maxUla. These 
openings lead forwards on each side into the vestibule which turns 
backwards into the olfactory chamber proper, opening behind into 
the choanae or internal nares. In a dry skull, therefore, the posterior 
end alone of the place for the olfactory chamber represents anterior 
nares proper (fig. 4). 
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7. The parietal foratnen ia a prominent median aperture lying in 
the middle line of the united pjirietals. It lodges the parietal organ. 


(6) Ventral Surface (fig. 1). 

1. The ventral pre-njaxillarjf foramina lie on the ventral surface 
of the pre-maxilla on each side of the anterior end of the median ridge. 
A branch of the arteria maa illaris comes out of each of these foramina 
to supply the mucous membrane of this region. 

2. The apertures for the Jacobson's organs are two large triangular 
apertures, one on each side, between the anterior part of each vomer 
and the palatal procjess of the maxilla. Tlie Jacobson’s organs com- 
municate through these apertures with the buccal cavity, tlie apertures 
on the mucous membrane of the roof of the mouth in a whole speci- 
men being slit-like in appearance. 

3. The anterior maxillary foramina are a pair of apertures, each 
situated just on the outside of the aperture for the Jacobson’s organ. 
Through this aperture, the superior alveolar nerve and the arteria 
maxillaris leave the alveolar canal of the maxilla and run forwards 
supplying branches to the mucous membrane of the anterior region 
of the hard palate. 

4. The vomerine apertures arc a X)air of apertures on the vomers 
lying one on eacli side of the middle line. A venule from the Jacobson’s 
organ comes out through eacli of these apertures and enters the sinus 
palatinus medius. 


(c) Lateral Surf we ( figs. 2a, 3 and 7a). 

1. The fenestra oralis is a small aperture, lying at the antero-lateral 
end of the ex-occipital and bounded anteriorly by the pro-otic. It lies 
immediately above the fenestra rotunda being separated from it by 
a narrow bony ridge. The inner end of the stapes fits into the fenestra 
ovalis. In dry skulls, the fenestra ovalis is seen to open internally into 
the (cavity of the. internal ear but sometimes the inner cartilaginous 
end of the stapes remains and clogs the fenestra. 

2. The fenestra rotunda is a large elliptical aperture which lieB 
immediately below the fenestra ovalis and is bounded by the ex- 
occipital except at its anterior end where it is closed by the tuberculum 
spheno-occipitah cartilage. The aperture leads into a small space the 
recessus scalae tympani, in which lies the saccus perilymphaticus, the 
outer wall of which forms the secondary tymjxinic membrane closing 
the fenestra rotunda. On the posterior wall of this fenestra runs the 
glossopharyngeal nerve (IXth) which leaves the fenestra at its posterior 
end. 

3. The posterior facial foramen is a very small aperture lying in 
front of the fenestra ovalis at a slightly higher level. It perforates 
the pro-otic bone and is overhung by the backwardly directed conical 
process of the pro-otic (otospherhoidal crest). The hyomandibular division 
of the facial (Yllth) nerve leaves the skull through this foramen. 
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4. The anterior facial foramen is also a small aperture lying in front 
of the posterior facial foramen and perforating the pro-otic bone. Through 
it the palatine branch of the facial nerve leaves the skull. 

5. The canalis vidianus (ductus caroticm) is a short canal which 
perforates the basisphenoid bone on each side. Its posterior opening 
lies in front of the anterior facial foramen at a slightly lower level. 
Through it the palatine division of the facial nerve and the internal 
carotid artery perforate the basisphenoid bone to run forwards. Dur- 
ing their passage tlirough the canalis vidianus, the internal carotid 
gives off an intra-cranial branch which enters the cranial cavity through 
the hypophysial fossa, while the palatine branch of the internal carotid 
and the palatine branch of the facial come out through the anterior 
opening of the vidian canal to run forwards on the roof of the mouth. 
The palatine branch of the seventli nerve receives a sympathetic branch 
from the ninth nerve (fig. 13) and is, therefore, called the vidiayi nervCy 
which gives the name canalis vidianus to the passage through the basi- 
sphenoid. 

(). The optic fenestrae (figs. 2a, 8a and 9) arc two large oval aper- 
tures, one on each side, for the exit of the optic nerves. The two minute 
orbito-sphenoids enclose the optic chiasma between them, but as the 
inter-orbital septum lies in the middle line immediately below these 
bones, the common optic fenestra above is seen to be divided into two 
fenestrae ventro-latorally, each providing an exit for the optic nerve 
of its own side. liach optic fenestra is thus bounded by the orbito- 
aphenoid externally and the inter-orbital septum internally. 

7. The orbitO‘imsal canal is a large oval aperture bounded internally 
by the pre-frontal and externally by the lacrymal. It lies at the ex- 
treme anterior angle of the orbit and is hidden from the lateral surface 
by the outer conical process of the lacrymal. Through this aperture, 
the orbit is placed in communication with the nasal chamber. 

8. The lacrymal foramen is a small aperture perforating the ventral 
part of the lacrymal bone and lying below the orbito-nasal canal. 

9. The maxillo’palatine foramen lies below the lacrymal foramen 
and perforates the outer maxillary process of'the palatine bone. Through 
this aperture, the maxillary division of the trigemiyial nerve enters the 
upper jaw and continues forwards into the bony canal of the maxilla 
as the superior alveolar nerve, giving off branches. all along its length to 
the skin on the outside of the maxilla through a row of minute aper- 
tures all along the outer smface of the lower border of the maxilla. 


(d) Posterior Surface (fig. 6). 

1. The foramen magnum is the large median aperture, almost cir- 
cular in outline, at the posterior end of the skull. It is bounded by 
the four occipital bones and forms an important landmark where the 
medulla oblongata of the brain passes out into the spinal cord. 

2. The foramen lacerum posterius + hypoglossal foramen is an 
obliquely oval aperture, on each side of the foramen magnum perforat- 
ing the ex-occipital. It transmits the pneumogastric or vagus (X), 
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spinal accessory (XI) oxA hypoglossal (XII) nerves Q,ndt\\Gvenac€rebralis 
posterior bi'anch of the internal jugular vem and the occipital branch 
of the internal carotid artery. 


(e) Longitudinal Section (figs. 26, 86, 10 and 13). 

1. The hypoglossal foramen is a small rounded foramen situated 
on the ex-occipital a little in front of its posterior border. It lets through 
the hypoglossal nerve and opens externally into the jugular foramen 
or foramen lacerum posterius. 

2. The foramen for the spinal accessory nerve is a very small foramen 
lying just above the hypoglossal foramen. This foramen, like the 
hypoglossal, opens into the jugular foramen and transmits the spinal 
accessory nerve. 

3. The is a large dorso-ventrally elongated aperture 

situated just in front of the hypoglossal and spinal accessory foramina. 
The vagus nerve and the vena cerehralis posterior branch of the 
internal jugular vein leave the cranial cavity and the occipital branch 
of the occipito- vertebral artery enters through this foramen. The 
hypoglossal and spinal accessory foramina open into the jugular 
foramen and consequently the foramen on the posterior surface of the 
skull is a combined foramen lacerum posterius and hypoglossal foramen 
(vide supra). 

4. The foramen perilymphaticus or glossopharyngeal foramen is a 
fairly large oval foramen at the junction of the pro-otic, opisthotic part 
of the ex-occipital and the basi-occipital. Through it, the glossopharyn- 
geal nerve leaves the cranial cavity, while the ductus perilymphaticus 
enters the cranial cavity. 

5. The foramen acusticum posterius lies about a quarter of an inch 
above the foramen perilymphaticus at the junction of the pro-otic and 
opisthotic bones. It transmits the ramus acusticus posterior division 
of the auditory nerve. 

6. The foramen acusticum anterius is a small foramen on the inner 
wall of the pro-otic lying anterior to and at the same level with the 
foramen acusticum posterius. This foramen transmits the ramus acusti- 
cus anterior division of the auditory nerve. 

7. The facial foramen is a small aperture lying below and slightly 
anterior to the foramen acusticum anterius. The facial nerve (VII) 
leaves the cranial cavity through this foramen and divides within the 
bone into two branches which emerge separately on the outside of the 
skull through the anterior and posterior facial foramina. 

8. The foramen for the abducens nerve lies on the dorsal surface 
of the anterior part of the basisphenoid bone. This nerve perforates 
the base of each alar process by a very short canal and comes out 
through a foramen in the dorsal part of the hypophysial fossa. 

9. The hypophysial fossa appears in a longitudinal section as a 
triangular pit, in the dorsal part of which opens the foramen for the 
ftbducens nerve, while laterally there is a large foramen leading into tfie 
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canalis vidianus through which the intra-crauial branch of the internal 
carotid enters the hypophysial fossa and in which is lodged one of the 
two lateral diverticula of the recessus infundibularis, 

3/Streptostylism and Kinetism. 

Stannius applied the term streptostylic to describe those skulls in 
which the quadrate was freely movable. The Lacertilian skull shows 
a typical streptostylic condition in that “ the bony quadrate is isolated 
from the cpipterygoid (columella cranii) and is only connected some- 
what loosely to the pterygoid below and the parotic process above by 
ligament ” (6, p. 433). In Varanus, the inner border of the lower 
end of the quadrate is movably articulated with the pterygoid, while 
dorsally the quadrate is joined to the s(|iiamosal and supra- temporal 
above and the paroccipital process of the ex-occipital behind in such 
a manner as to render movement possible. Further, the lower end 
of the quadrate (condylus mandihnhris) articulates movably with 
the mandible. The quadrate, therefore, is movable at all its joints 
with the other bones and consequently the skull is truly streptostylic. 

In addition to streptostylism, the skull of Varanus, like that of 
other Lacertilia, shows a certain degree of looseness and consequent 
power of motion between the dermal roofing bones (parietals and frontals) 
and the posterior brain-case.” This phenonumon has been termed 
IHnetism of the skull by Versluys et al (6). \Vc have already seen that 
the occipital bones (supra-occipital, ex-occipitals and the basi-occipital) 
are immovably articulated with the basi-sphenoid and the pro-otic. 
Those six bones form a compact rigid structure which moves as one 
piece and is termed, for convenience, the occipital segment (posterior 
brain-case). The remaining part of the skull consisting of the quad- 
rate, squamosal, supra-tomporal, parietal and frontal on the one hand, 
and the pterygoid, palatine, transverse, maxilla, and pre-maxilla, on 
the other, together constitutes the maxillary segment. These two seg- 
ments move on each other at various plapes. 

The junction between the supra-occipital and the parietal is formed 
of fibrous tissue and thus forms a loose vertically movable joint, the 
movement being limited only by the cone-shaped processus ascendens 
tecti synotici cartilage which fits closely into the parietal fossa. Simi- 
larly, the anterior superior process of the pro-otic is connected loosely 
with the lateral bevelled border of the parietal. The basipterygoid 
processes of the basisphenoid are movable on the pterygoids, as the 
articulation through the cartilaginous meniscus forms a synovial joint. 
Lastly, the paroccipital process of the ex-occipital is movably arti- 
culated with the quadrate and the supra-temporal through the inter- 
calary cartilage. It must, further, be noticed that in front of the 
“ occipital segment ” the lateral walls and floor of the cranium, as well 
as the inter-orbital septum are composed only of cartilage and mem- 
brane ; these structures are therefore not rigid and would permit of 
a slight movement. 

It is thus clear that there are four places (not three as stated 
b^ Edgeworth, (4» p. 62) at which the occipital segment is movable 
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on the maxillary segment. The movement is brought about by 
the action of the protractor pterygoidoi, pterygo-sphenoidalis posterior 
and pterygo-parietalis muscles (5, p. d34) and consists, as pointed 
out by Bradley (2, p. 484), of a movement of elevation and depres- 
sion of the maxillary segment on the occipital segment which itself 
remains fixed. The kinetism, therefore, is very marked in Varanvs 
and such a skull is termed metakinctic. 


4. Summary. 

1. The skull of Varanus is well ossified, although there are important 
cartilaginous structures, chief of which are the olfactory capsules, the 
planum supra-septale and its lateral extensions, the tuberculum spheno- 
occipitale and the intercalary cartilage. 

2. The muscles inserted on the basi- and ex-occipitals and also on 
the tuberculum spheno-occipitale are described. Similarly, the origin 
and insertion of the adductor mandibulae and depressor mandibulao 
muscles have been included. 

3. All the foramina of the skull have been listed, and the nerves 
and blood-vessels entering or coming out of these foramina have been 
identified and described. 

The foremen internum of Siebenrock has been identified and it has 
been shown that it transmits the Vlth nerve and not a branch of the 
internal carotid artery, as he believed. 

4. The different bones have been compared with those of Lacerta 
and Sphenodon and the differences noted. The orbito-sphenoids and 
their exact relationship with contiguous cartilages have been described 
and sketched, these having been incorrectly represented by Reynolds. 

5. The diagrams of previous authors have been critically examined 
and corrected and new standard diagrams of the skull have been provid- 
ed. 

6. The streptostylism and metakinetism of the skull have been 
described. 
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INTRODUCTION. 

Since 1872 more than a score of species have been erected for Indian 
forms or listed or reported from India. After examination of most of 
the material (Bourne’s specimens apparently have not been preserved 
and a few other specimens of less importance have not been available 
for examination), it is now possible by the exclusion of mistaken records, 
elimination of forms probably belonging to other genera and the reduc- 
tion of several names to synonyms to bring the number of species to 
12, to which one hitherto unrecognized species must be added. All 
these 13 species now can be defined adequately, though the extent of 
variation of certain important characteristics of three of the species still 
remains to be determined. Barring accidental importation by man or 
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otherwise it is probable that no further species of Pheretima will be 
added to the Indian fauna, at least so far as the area south of the Hima- 
layas and west of Assam and Chittagong is concerned (but see p. 186). 

In this paper India is regarded as comprising political India, except 
that Nepal is included and Burma, the Andaman and Nicobar Islands 
are excluded. The inclusion of Ceylon would necessitate no additions 
to the list of species. Moving the eastern boundary of India into Burma 
nearly to the Irrawaddy in the north and nearly to the Shan Plateau 
in the south would require the addition of only one species , P. peguana. 

The author’s thanks are extended to Dr. B. Prashad for the loan of 
a considerable number of specimens from the collections of the Indian 
Museum as well as of books from the library of the Zoological Survey 
of India, and to the college geographer, Mr. L. W. Trueblood, for 
assistance in placing localities and determination of elevations. 

Distribution. 

Michaelsen in his 1909 and 1910 lists characterized almost all of 
the Indian species of Pheretwia as peregrine or of doubtful status, with 
suggestions that the dubious names are synonyms of peregrine species. 
A single species is regarded as “probably endemic” (anomata, 1909, 
p. 119) but in the list in the same paper the term endemic is preceded 
by an interrogation mark and followed by “ aus botanisch Garten !”. 

Tht' tonn “ poregrino ” was iiiiroduml by Michaelsen in 1003 to characterize species 
widely spread through their own inherent powers of migration or as a ri'sidt of accidental 
tranatcrenee by man. “ leh bozidehnete deslnalb Arten rnit einer dcrartig weiten Ver- 
breitung uberland, eiuerh*i ol) Verschleppung durch den Menselum oder Ausbreitung auf 
naturlichen \Veg(' vorlu'gt, uls ‘ Weitwandt*rer ’ iind vtUHMiiigte sic miter der Hezeieluuiug 
‘peregrine Formen' mit den sieher Versehleppten”, (1003, p. 17). “Das hauptsiichli- 
ehsto Merkmal fiir Versehleppungsfiille bei Kegenwurmern ist eino sehr weite, uiid zumal 
auch eino HpruiigweiHO Verbreilung iiliersee, sowie auch das sporadische Auftreten weit 
entfornt von <lcm Oebiet, das als das Hauptquartier der ladretfiuidon Gattung anzuaehcn 
ist, (p. Ifi). Kndemie is exi>lained as follows : “ Kino Art, die Icdiglieh in cinem eng 
begrenzten (Oebiet vorkommt, ist als endemiseh in deinsclben anzusehen (p. 17). 
Michaelsen recognized that the very numerous gaps in our knowledge of the distribution 
of earthworms necessitated some further indication of endemicity and accordingly adds 
“ Eino Anzahl nahe verwandtc Arten, die lediglich ineinenieng begrenzten Gebiet vor- 
gefunden wurden, sind als endemiseh in demselben anzusehen ”. (p. 17). 

Stephenson (1923) refrained from using the terms peregrine and 
endemic in his lists but indicated by difference in type those species 
which are considered to bo of zoogeographical value or with no such 
value. No clue is given as to how “ zoogeographical value ” was deter- 
mined though peregrine forms are said to be of no importance. “ Semi- 
peregrine forms ” however are italicized. Only five species of Pheretima 
arc regarded as having zoogeographical value. Of those, burliarensis 
is probably not a Pheretima, at all, travamorensis and trivandrana are 
merely synonyms of houlleti, a widely spread form of “no zoogeogra- 
phical value ”, while aleorandri is the same as Stephenson’s Ugnicola, 
a species also considered to be of no zoogeographical importance. This 
leaves only anomala which is known now to be distributed widely 
throughout Burma and also present in Siam. Presumably all of the 
Indian species of Pheretima would be considered by Michaelsen as 
peregrine, or at least as “ etwas peregrine ”, or by Stephenson as of no 
zoogeographical value. 
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It is true that a number of the Indian ^ species of Pherelima have 
been carried far and wide and have been able to establish themselves in 
a number of localities far removed from their original habitat. Beddard 
in 1900 characterizes the distribution of P. heterochaeta, now known as 
diffringens, as ‘‘ everywhere, including Europe Gates, in a paper on 
“ The genus Pherelima in North America ”, now in the press, recognizes 
13 American^ species of which 8 are also Indian. It is likewise true that 
several species of Pherelima arc more or less widely distributed through- 
out India. But the common occurrence of certain species in those 
(relatively few) localities from which collections have been made and the 
wide accidental transference have been so over-emphasized that important 
and almost obvious aspects of distribution have been overlooked. Such 
statements as “ being a well-known peregrine form, the occurrence is of 
no importance from a zoogeographical point of view ” (Stephenson, 
1915, p. 37) and “It is scarcely necessary any longer to particularize 
concerning the distribution of this almost ubiquitous worm, at any rate 
in those provinces where it has already been found ” (Stephenson, 1917, 
p. 385) are especially unfortunate as they may have been responsible 
for a failure to record the presence of certain species in important 
localities. 

Beddard’s characterization of the distribution of heterochaeta is 
obviously to be taken as an epigram rather than literally. There are 
many regions to which the species might have been carried and within 
which it might have become established but from which P. diffringens 
is quite unknown. Expressions such as “ one of the commonest worms 
in India ” (Stephenson, 1923, p. 302), “ almost ubiquitous ”, “ Through- 
out India ” (1923, p. 304) and universally found ” (1923, p. 311) have 
certainly led to misconceptions. To mention but one of these, Bahl 
(1930, p. 8) says that ‘‘ Pheretinia 'posthunia is found nearly all over India, 
Burma and Ceylon ” (italics mine). This statement is incorrect or at 
least conveys an altogether erroneous impression for the species is quite 
unknown from large sections of Burma, including some sections which 
have been fairly thoroughly investigated, and in the districts in which 
it has been found, is restricted (largely, though not entirely) to a fairly 
limited habitat. Furthermore, no record can be found of the occurrence 
of the species in Ceylon. The statement is also too optimistic so far 
as India is concerned as a glance at the distribution on p. 182 will show. 

Before proceeding to a discussion of the individual distribution of 
Indian species of Pherelima it is again necessary to emphasize certain 
aspects of our knowledge of Indian earthworms. Systematic collection 
and study of earthworms has been carried out hitherto only in the 
Punjab and in Travancore (Aiyer, 1929). Accordingly it is still true 
“ that India is so large and diversified that all that has been done is 
really not much more than the taking of a few samples here and there ” 
(Stephenson, 1915, p. 17). Therefore, in spite of the memoirs on Indian 
earthworms that have been published since 1909, any discussion of dis- 
tribution must still be characterized by considerable caution, as “we 

^ The term Lidian or American as used in this paragraph imj^os only that the species 
is known from India or America. 
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are still far from a complete acquaintance with the distribution of Indian 

earthworms, and any conclusions based on the absence of any 

forms from this or that region are liable to be upset at any time 
(Stephenson, 1915, p. 37). 

During the past 13 years considerable work has been done on the 
earthworms of Burma. This work, though still far from complete, has 
been extensive enough to warrant certain conclusions though based on 
absence of forms from especial areas. Such conclusions, if found to be 
applicable in India, are less likely to be upset even though our knowledge 
of Indian distribution be fragmentary. The consideration of each of 
the Indian species is prefaced therefore by a statement of the Burmese 
distribution and, when possible, by some indication as to the Siamese, 
Indo-Chinese, Chinese or Malayan distribution. However, it should be 
noted that very little is known of the earthworms of Siam and not a 
great deal more of the worms of the Malay Peninsula or French Indo- 
China. 


I. 

P. alexa'iidn. This species is widely distributed in central and 
eastern Burma, having been found in 27 of the 40 districts or political 
divisions (the Northern and Southern Shan States and Karenni each 
counted as a district). The worm is equally common on the plains 
and in the hills, and on tin' Shan Plateau has been found up to an eleva- 
tion of 4,000-|-feet. J^lu rc is no reason to suspect that the species is 
lacking in those few districts of central and eastern Burma where collec- 
tions have not yet been made or where it has not }'et been found. At 
present the species appears to be absent from the Arakan Division and 
the Cliin Hills district of western Burma, but it has been collected at 
Chiengrai, Chiengmai, Mu’ang Pong (B,in Muong) on the Me Yom, in 
Upper Siam, Bangkok, Kosichang (on the Gulf of Siam) in Lower Siam, 
and is also known from Yunnan (Lawng Neu in Mong Lem State) and 
the Andaman Islands. 

A line drawn on a map from Mergui through Siam just east of Bangkok 
to Chiengmai and then through Mong Lem State into Myitkyina district 
and from there south to the Chindwin and along the eastern side of the 
Arakan Yomas to the Bay of Bengal will enclose an area that is compact 
and which lacks just those physical barriers such as the snow-covered 
mountain ranges, deserts, or salt seas which are usually regarded as 
effective in restricting the migration of earthworms. Although compact, 
the area is not homogeneous with respect to climatic, physiographic 
and edaphic factors but this seems to be of no particular importance in 
view of the ability of the species to maintain itself in a variety of habitats 
in both plains and hills. Since accidental transference is not necessary 
to explain the distribution of the species within the region just outlined, 
it is possible to regard this area as the natural range of the species and 
to conclude that the species originated at some point therein. Though 
this region is compact Michaelsen might not regard it as an “ eng be- 
grenzten Gebiet But how far from its point of origin can a species 
migrate within a compact region and still be considered endemic ? 
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Tlje presence of alexandri in Bombay as well as on the Andaman 
Islands, for the present at least, must be regarded as due to accidental 
transportation. 

When a 8pec?ies is found in an isolated locality far from its natural range, such a dis- 
continuous distribution can be explained by assuming that the species has been carried 
by some external agent to the isolated locality or else that the species has become extinct 
in the intervening area. Extinction can be disregarded so far as the genus Pheretirna 
and south-eastern Asia are concerned. 

Earthworms arc known to have been carried unintentionally by man, for quite 
considerable distances. Similar accidental transportation by birds, cattle or other non- 
human agencies have been postulated but not demonstrated. (I have been told of the 
finding of cocoons of Pontodrilus hermudensia on feet of birds but can find no record of 
this.) It is possible, if not probable, that most instances of accidental carriage mention- 
ed in this paper are to be attributed to man, but whether this bo true or not, the agent 
or agents involved in the transport to * foreign ' regions are not of importance in the 
present discussion. 

If alexandri is really absent from western Burma the Calcutta record 
also will have to be regarded as due to accidental carriage. 

The other Indian locality, Dibrugarh in Assam, is less than 200 miles 
from the nearest Burmese locality. The earthworm fauna of the inter- 
vening region, unlike that between Burma and Calcutta, is unknown. 
There is however no reason to assume that alexandri has been unable 
to push through the intervening region or that it is lacking therein. 
Dibrugarh is the northernmost record and it should be noted that 
aleocandri has never been found in the Himalayas especially at those 
higher elevations at which diffrhigens has been obtained. 

P. anomala. This species is widely spread throughout the province 
of Burma and has been found in 29 of the 40 political districts. It i» 
known from the Arakan division and the Chin Hills district in which 
alexandri has not yet been found and is common both in the plains and 
on the Shan Plateau where it has been found up to an elevation of 
4,000+feet. There is no reason to suspect that the species is lacking 
in the 9 central and 2 peripheral districts which have not yet been 
investigated or in which it has not yet been secured. The species has 
been collected in Siam (Chiengrai) and in the Chinese province of Yunnan 
(Mong Mong State) but is unknown from the Malay Peninsula and the 
Andaman Islands. 

A line drawn on the map to mark off the anomala range passes from 
a point southeast of Mergui north to Chiengrai, through Mong Mong 
(Yunnan) and Pang Long (Burma) States into Myitkyina district and. 
then in a southerly direction west of the Chindwin river and the Arakan 
Yomas to Akyab. The area thus demarcated is compact and approxi- 
mately of the same size a6 the alexandri area. Within this area anomala 
seems to adapt itself equally well to the varied habitats offered by the 
hills, the Plateau, the monsoon tropics and the semi-arid central zone. 
(This distribution is especially impressive in view of the constantly 
occurring high percentage of abnormal forms.) 

The three Indian localities of anomala are at some distance from 
the natural range of the species as indicated above, the two eastern- 
most localities about 300 miles (Calcutta) or 400 miles (Darjiling district) 
from the western boimdary of the area in Burma, The other Indian 
locality (Dehra Dun) is about 700 miles west from Darjiling district. 
In the intervening region between Burma and the Indian localities t{ie 
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physical features (such as snow-covercd mountains, etc.) that prevent 
earthworm migration are lacking. In view of the ability of the species 
to maintain itself in a variety of habitats and to perpetuate itself in 
spite of the large percentage of abnormal and sexually non-functional 
individuals, there is no reason to conclude that the species has been 
unable to penetrate into Bengal to Calcutta and to Darjiling district by 
its own activity, providing only that sufficient time for such migration 
has been available. On this latter topic no information whatever is 
available. At present the three Indian records appear to be the result 
of accidental transference and especially the Dehra Dun record. It 
should be noted however that the western border of the anomala area 
is close to the political boundary of India and probably will have to be 
moved in the future into India. 

Dehra Dun and Pashok (Darjiling district) are the northernmost 
records. Unfortunately the elevations at which the worms w^ere secured 
are unknown. Although known from lower elevations in the southern 
Himalayas, P. an&tnula^ like alexamlri, has not been found at those 
higher elevations at which diffrwgcns has been obtained. 

P. campanulata. This species is widely spread throughout the 
province of Burma and has been found in 24 of the political districts. 
It has been obtained, like anomala^ from the Arakan division and the 
Chin Hills district where alexandri is unknown, and is common both in 
the plains and hills and on the Plateau where it has been found up to 
ah elevation of 4,000+feet, The species is known from the Chinese 
province of Yunnan (Ang Lawng Mt., and Mong Ma, Mong Lem State) 
and has been found at Mu’ang Pong (Ban Mating) on the Upper Me 
Yom in Siam (unpublished Ms.), in the Malay Peninsula (Kuala Lum- 
pur) as well as on the Andaman Islands. 

P. campanulata. is closely related to two other Burmese species. 
One of these, P. meridiana, has been found as yet only in eastern and 
northern Burma (except for one record from the Bahamas, obviously 
the result of accidental transportation), but the other, P. houlleti, is 
even more widely distributed than campanulata. 

The campanidaia range is shghtly larger than that of anomala due 
to the fact that the line begins at Victoria Point at the southernmost 
extremity of Burma and passes north through Siam further east than 
in the case of anomq,la. If “ eng ” and “ Anzahl ” are not too strictly 
interpreted — campanwiafo- appears to possess both of Michaelsen’s quali- 
fications for endemicity. The species seems to be equally adapted to the 
varied habitats of the plains and hills except for that of the semi-arid 
zone of Central Burma in which it has not yet been found. 

The only Indian localities (both in Darjiling district) are about as 
far from the northern border of the cximpanulata area as Kuala Lumpur 
is from the southern border. The Indian and Malay Peninsula as well 
as the Andaman Islands records, at present, appear to be the result of 
accidental transference. As in the case of anomala the western border 
of the campanulata area is close to the political boundary of India and 
probably will have to be moved over into India. The elevations at 
which the Darjiling district worms were secured unfortunately are 
unknown. ; 
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P. houlleti. This species is widely spread throughout the province 
of Burma, having been collected in 33 of the 40 districts. It is found 
on the plains and hills, and on the plateau up to an elevation of 5,0004- 
feet and most probably is present in the 7 districts which have not yet 
been investigated. It is known from several localities in Siam (Bawti, 
Not Theinko, Bangkok in the south ; Chiengmai and Muang Pong in 
the north), the Malay Peninsula (Kuala Lumpur, Aring in Kelantan, 
Singapore) and the Andaman Islands. Michaelsen (1900, p. 273) 
includes Cochin China in the list of localities but I have been unable to 
trace this record. The species is not known from China (previous records 
are the result of erroneous suppression of valid species) except for one 
record from Yunnan just across the Burmese border (Mong Lem State), 

In India the species is widely spread and here also has been found 
in hills and plains and about equally in both. In the hills the species 
has been found up to an elevation of 4,500 feet but seems to be quite 
rare or lacking in most parts of the Himalayas, especially at those, 
higher elevations from which diffringens has been obtained. Eawal- 
pindi is the northernmost locality, Dehra Dun and Bhim Tal the next. 

Beyond the mainland of Asia the species has been reported from 
Sumatra (twice), Java (twice), the Philippine Islands (twice), Fiji Islands, 
Ceylon, Madagascar, Gross Comoro and French Guiana. None of these 
records can be accepted until verified because of a long confusion of 
houlleti with at least three other species. In view of the ability of the 
species to maintain itself successfully in a wide range of habitats varying 
from the equatorial rain forest to the monsoon plains and semi-desert 
lowland regions as well as the hills, its wide distribution throughout 
India and southeastern Asia, it is very curious that the species has not 
been transported as widely as diffringens, 

P. houlleti is close to two other Burmese species, P, camjpanulata 
(Burmese-Siamese), and P, meridiana (eastern and northern Burma), 
The species is considered to have originated somewhere in the Burmese- 
Siamese region but just how much of its Indian distribution, if any, 
is to be attributed to accidental transportation is not clear. The Ceylon 
and Andaman Islands records are regarded as due to accidental carriage, 

P, planala. This species is rather widely spread in Burma, having 
been found in 22 of the 40 districts. Within the semi-arid region of 
Central Burma it has been found but once (Pyinmana) and is known from 
only three localities on the Shan Plateau (Namkham, Lashio, Karen 
Hills of Toungoo district) where it has been found at elevations of 2,0004- 
to 3,0004fcet. Although widely spread it is not common, usually 
being found only after careful search and then not in numbers. It is 
not known from Siam and China but has been found once in the Malay 
Peninsula (Kuala Lumpur) and apparently is rather common on the 
Andaman Islands. P. planata is close to a trans-Salween species, P, 
immerita, known only from Kengtung, Mang Lun and Pang Long States, 
an area quite definitely to be characterized as “ eng begrenzten 

The only Indian record is Katlicherra (South Cachar in Assam) 
which is perhaps 150 miles from the nearest Burmese locality (Upper 
Chindwin district). Very little is known of the earthworm fauna of the 
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intervening region but there is no reason to suppose that planata is 
lacking therein. A line drawn from the northern portion of Mergui 
district north through Burma to Lashio, Namkham, and Myitkyina 
and then through Cachar to Akyab marks off the range of the species 
as now known and encloses an area somewhat smaller than that of 
anomala (but west of the immerita area). P. planata appears, at present 
to be primarily a Burmese species that has been accidentally transported 
to the Malay Peninsula and the Andaman Islands, However, it is 
possible if not probable that the species will be found to be fairly widely 
spread in Assam and Siam and perhaps also throughout the Malay 
Peninsula. 

P. posihuma. This species is rather widely spread through the 
province of Burma, having been collected in 29 of the 40 districts, but 
is restricted to the plains and low country. Even here it is found most 
commonly and in greatest numbers in the sandy soil along the banks of 
rivers and streams. Two records from the Shan Plateau are erroneous. 
If found in the higher hills and on the Plateau, the localities probably 
will be along banks of streams. The species is known from the Anda- 
man Islands and has been recorded once from the Malay Peninsula (no 
specific locality) by Beddard but the record has never been confirmed 
and Stephenson was unable to find Beddard’s specimens in the British 
Museum. The species has been collected at several localities in Upper 
Siam (Chiengmai 1,000 ft., Ban Sa-iep and Mu’ang Pong) as well as in 
lower Siam (Bangkok) but is unknown from China. 

According to Stephenson (1923, p. 311) P. posthuma is “ universally 
found in North India ” but though it has been collected from a number 
of localities it has never been reported from the higher mountain eleva- 
tions at which diffringens has been found. The northernmost localities 
are in the Punjab. Furthermore, the species has been found hitherto 
only once south of a line from Baroda to Calcutta and then at Bombay. 
Of the Indian localities, almost all are in the plains or lowlands. Five 
times only has the species been reported from places with an elevation 
greater than a thousand feet (Hoshiarpur, 1,000+feet, ; Kalka, 2,000-3,000 
ft. ; Ajmere and Udaipur, 1,500-2,000 ; Dehra Dim, 2,000-3,000 ; and even 
here the elevations at which the worms were secured may be unknown). 
Eighteen of the Indian localities are shown even on our small maps as 
being on the banks of rivers. 

Morphologically as well as physiologically (adaptation to the sandy 
river-bank habitat) P. posthuma is rather peculiar and unlike all other 
Burmese species of Pheretima, For this reason a Burmese origin for the 
species at first seems to be rather doubtful. However, the more import- 
ant of the morphological peculiarities have to do with the commissural 
blood vessels of segments x and xi and these characteristics also dis- 
tinguish the species from all other Pheretimas, at least so far as is known 
at present. The Burmese distribution though extensive is much less 
so than that of Pontoscolex corethrurus which is certainly an introduced 
species but not so restricted as to habitat. For the present P. posthuma 
may be regarded, though doubtfully, as of Burmese or Burmese-Siamese 
origin and with a south-eastern Asiatic mainland distribution that does 
not require the assumption of accidental transference at least by man. 
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II. 

P. diffringens. In Burma this species has been found on the Shan 
Plateau (Nanakhai, Namkham, Lashio, Maymyo, Mogok, Taungyi, 
Htamsang, Kalaw, Manchio and Thandaung) and outside the plateau 
only once, at Bhamo. It has been found at elevations of 2,000 +“^0 
4,000+feet and only once below 2,000 feet, and then at Bhamo (under 
500 feet but north of the tropic of Cancer). The species is known from 
several provinces of China (Yunnan, Szechuan, Kiangsu, Kiangsi, 
Chekiang, Anhwei and Fukien) and is close to Chinese, Korean and 
Japanese species which are not at present clearly distinguished and 
which may have to be suppressed. Unknown from Siam, French Indo- 
China, the Malay Peninsula or the Andaman Islands. 

In spite of the fact that Stephenson gives the distribution of the 
species as “ Throughout India ” (1923, p. 304), diffringens has been found 
hitherto only in a region north of a slightly curved line drawn from 
Lahore south-east to Rangamati, and in South India where it is known 
only from the Bababudan, Nilgiri and Palni Hills. P. diffringens has 
been found in the eastern and western Himalayas and Assam at eleva- 
tions of 3,000-7,000 feet, in the North-west Frontier Province at 
elevations of 1,000-2,000 feet, and in South India at elevations of 4,500- 
7,500+fect.^ At lower elevations the species is known only from the 
Punjab (OOO-ffeet), Siliguri, Teesta Bridge (500-700 ft.) and Ranga- 
mati in Bengal, Kobo and Sadiya in Assam. The Kangra district 
localities (Punjab) are at the edge of hills north-east of Lahore, Siliguri 
and Teesta Bridge are close to the Himalayas as are Kobo and Sadiya 
while Rangamati is close to the hills of the Chittagong Hill Tracts. 
Rangamati is the only plains record south of the tropic of Cancer (the 
Rangamati worms may of course have been obtained at some nameless 
locality in hills near Rangamati), all of the other plains and lower hills 
records quite to the north of that tropic. 

P. diffringens is widely spread as a result of accidental transporta- 
tion, probably much more widel}’' spread than any other species of 
Pherelima, Much of this accidental carriage is certainly due to man, — 
note the records from botanical gardens and hot houses in Europe, 
America and elsewhere. It is extremely unlikely that this species has 
been carried by man, in India for example, only to temperate zone 
localities or only to those high hills in the tropics with a cool climate. 
We must assume therefore, that in tropical lowland localities to which 
the species has been transported, it has been unable to maintain itself 
though able to adapt itself to a variety of habitats in the temperate 
zone and higher hills of the tropics. These considerations together 
with the wide Chinese distribution seem to indicate that the worm is a 
temperate zone form and that it has originated somewhere in the Chinese 
region. Penetration into Burma and at least into the eastern portion 


^ The elevations at 'which P. diffringens has been secured in South India are as fol- 
lows i—Kodaikanal, 7,000, 6,860, 6,900, 6,860-7,000 ft . ; Kotagiri, 6,700 ; Fem HUl, 
7,600 ; Bababudan Hills (Kadur district in Mysore), 4,600 ; N^uvatam, 6,000 ; Coo- 
noor, CO. 6,000 ; Benhope, exact elevation not known but nearest railway station. Hill- 
grove, is CO. 3,000 ft. The writer is indebted to Dr. S. L. Hora for much of this informa- 
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of north India accordingly is to be regarded as due to natural migra- 
tion of the species, while accidental transportation must be invoked to 
explain its presence in South India. Whether the presence of diffringens 
in north India way into the North-West Frontier Province can be 
regarded as brought about without accidental transportation is not yet 
clear. 

P. hawayana. In Burma this species has been found on the Shan 
Plateau and only on the northern portion (Namkham, Kawngmu, 
Kutkai, Lashio and Mogok, all north of 22° latitude). It has been found 
only at elevations of 2,000 to 3,0004-fcet. The species is known from 
several provinces of China (Yunnan, Szechuan, Fukien and Chekiang) 
and may have been described from Japan under another name. Stephen- 
son has recorded the species from the Malay Peninsula (Kuala Lumpur 
and Singapore), records which cannot be accepted until verified because 
of a failure to distinguish between hawayana and inorrisi. 

In spite of the fact that Stephenson calls this species “ one of the 
commonest worms in India ” (1923, p. 302), it is known at present only 
from a few localities ; Lahore (Punjab), Ramnee (Western Himalayas), 
Kurseong (Eastern Himalayas) and Shillong (Assam). All of these loca- 
lities are north of 25° latitude and the westernmost are north of 30°. 
All Indian records are from elevations of 3,000 to 5,000 +feet. The 
Ceylon records arc also from the hills. 

With a distribution like that of diffringens and an apparently similar 
temperature restriction (barrier) it is probable that hawayana likewise 
originated in China. Presumably it has penetrated into Burma and at 
least the eastern portion of north India by its own activity. 

P. morrisi. This species is more widely spread in Burma than 
hawayana, liaving been found not only on the Shan Plateau (Namkham, 
Kutkai, Hsenwi, Lashio, Mogok, Maymyo, Taungyi, Htamsang, Pang 
Long, Mang Lun, Mong Yai and Ken^ung States) but also in Myingyan 
(Mt. Popa only), Bhamo and Myitkyina districts. It has been found 
only at elevations of 2,000 to 4,000 feet, except at Myitkyina and 
Bhamo (under 500 feet but north of the tropic of Cancer). The species 
is known from four provinces of China (Szechuan, Fukien, Chekiang and 
Yunnan). It has been collected once in Siam (Chiengmai, 1,000 feet) but 
is unknown from the Malay Peninsula and French Indo-China. (A 
record of P. hawayana from the Malay Peninsula by Stephenson may 
actually be for morrisi which is known from Penang.) 

In India morrisi has been found chiefly at elevations of 2,000 to 6,500 
feet. It has been obtained at only three localities south of the Lahore- 
Rangamati line ; Brindaban, Udaipur (2,460 feet) in Rajputana, and 
Bombay. Only three records are from lowlands ; Lahore (600+feet), 
Brindaban (500- feet), and Bombay. 

With a distribution like that of diffringens and hawayana and an 
apparently similar temperature barrier, it is possible that morrisi like- 
wise originated in China and like the other two species has penetrated 
into northern Burma and at least the eastern portion of north India by 
it-s own activity. Its presence on Mt. Popa in Burma and those localities 
in India south of the Lahore-Rangamati line is regarded as due to 
accidental transportation. 
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P. robmta. In Burma this species has been found only in the northern 
portion of the Shan Plateau (Namkham, Kutkai, Lashio, Hsipaw and 
Pang Long States) where it has been found at elevations of 2,000 +to 
4,000 +ft. The species is probably widely distributed in China and has 
been recorded from the provinces of Yunnan, Szechuan, Fukien, Kiangsu, 
Kiangsi, Chekiang and Hupei. 

Outside the Asiatic mainland the species has been reported from 
Madagascar, Mauritius, the West Indies and the Philippines. None 
of these records have ever been confirmed and some of them must be 
regarded as very dubious. 

The only Indian record is that of P. himalayana from Darjiling at 
an elevation of 7,000 feet. 

At present it is necessary to regard P. robusta as having originated 
somewhere in China and also as a temperate zone form, that has been 
able to penetrate into Burma and India as a result of its own activity. 

III. 

P. elongata. This species is rather widely distributed in Burma 
having been collected in 20 of the political districts. It has been found 
both in the plains (monsoon and semi-arid) and hills and in the latter 
to a height of 3,000 feet but has been obtained from only four localities 
north of the tropic of Cancer ; Mawlaik, Indaw Lake, Bhamo and 
Myitkyina. Although fairly widely spread it is not common and when 
found is usually not obtained in any considerable numbers unless the 
soil is black It has been collected in Siam (Bangkok and Chicn- 
gmai) and the Andaman Islands but is unknown from the Malay 
Peninsula, French Indo-China and China. 

In India the species is almost confined to the tropical portion as 
it has been found only once north of the tropic of Cancer, and then 
at Karachi. 

P. elongata has been transported widely throughout the tropics and 
presumably by man. Only in Burma and at Karachi has the species 
been found outside of the tropics and then not far to the north. It is 
unlikely that a species so widely spread by external agencies has been 
carried only into tropical regions. Restriction to the tropics with the 
correlated inability to maintain itself in cooler regions to which it must 
have been carried seems to require a tropical origin for the species. 
Morphologically elongata can be included in Michaelsen's subgenus 
Polypheretima from the southern portion of the Malay Peninsula, Borneo, 
Celebes and New Guinea and in fact is so close to one of the Borneo 
species, P. stelleri, that the two cannot be adequately distinguished, 
at least at present. Should the original home of Angola be in Borneo, 
the Burmese and Indian records are to be considered the result of artificial 
transference. Even though the home of the species should prove to 
be in the Malay Peninsula the (present) Indian distribution will still 
have to be explained as the result of accidental transportation. 

P. bicincta and P. taprobanae. Neither of these species has been 
found in Burma and at present there is little of importance to be said 
with regard to the distribution of these worms. P. bicincta has been 
recorded only twice from the “ Pheretima domain ; once from the 
Philippines and once from Java. Its presence in India is obviously the 
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result of accidental transportation. P. taprobanae is quite unknown 
from the Pheretima domain ”, and also must have been carried into 
India accidentally. All localities at which these two species have been 
found are within the tropics. Like elongata, bicincta and taprobanae 
appear to have had a tropical origin and to be able to maintain them- 
selves only in that portion of the world. 

To summarize, — Of the thirteen Indian species of Pheretima^ three 
lg[uite obviously are present in India as the result of accidental transporta- 
tion. The original homes of these species are unknown but one is to 
be sought for in Borneo and the probability is that all three are tropical 
if not primarily equatorial. Four species are regarded as originally 
Chinese, e.^., diffringens^ haway ana, morrisi and robusta. Of the remain- 
ing species, alexandri, anomala, campanulata and planata (possibly also 
houlleti and posthuma) are regarded as primarily Burmese or Burmese- 
Siamese. Each species in the last two groups (Chinese and Burmese) 
is in India, or will eventually be shown to be, as a result of its own acti- 
vity rather than as the result of accidental carriage. Immigration of 
Chinese species from the north-east (and north ?) and of Burmese species 
from the east explains the heavy concentration of Pheretima localities 
in that portion of India north of a line from Baroda to Calcutta. Some 
species however have been carried accidentally to isolated localities 
which may be at considerable distances from regions to which the species 
have penetrated naturally. 

South-eastern Asia- -India-Burma-Siain-French-Indo-China — lacks 
the physical features such as deserts, snow-covered mountain ranges 
and salt seas that are usually regarded as effective barriers to earth- 
worm migrations. This ^‘region does have a wide variety of climatic, 
edaphic and physiographic habitats. One species, P, posthuma, is 
restricted largely to one peculiar habitat, the sandy soil of river banks. 
Another species, P . campanulata, at present, seems to be unable to exist 
in the semi-arid region of central Burma. Other species however are 
able to adjust themselves to and maintain themselves in a wide variety 
of the habitats available. Within the region the only effective barrier 
to migration seems therefore to be that of temperature. But tempera- 
ture cannot be invoked to explain the boundaries of natural areas of 
certain species, or why a particular species is lacking in a contiguous 
region of suitable habitats. Of those factors which are of most import- 
ance in explanation of this problem, factors such as speed of travel and 
time available for migration since origin of the species, we have no 
knowledge whatever. 

On a previous page a prophecy has been hazarded that few further 
species of Pheretima will be found in India, barring of course importa- 
tions of an accidental nature. If found, further species will be collected 
in the Himalayas to the north and in Assam and Chittagong on the east. 
Of the Chinese species perhaps the most likely to be found is P, cali^ 
fonnica which may be anticipated in the hills and mountains to the 
north. Of the Burmese species the most likely immigrants to be found 
in Assam are austrina, choprai, exigua, birynanica^ peguana and some of 
tuedoliaria group. In Bengal (Chittagong) the most likely immigrant 
IS P, peguana, Burmese species are not to be expected in the Himalayas, 
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at least at the higher elevations at which diffringens and other Chinese 
species are obtained. 

Habits. 

In an attempt to “ determine the significance ’’ of the enteronephric 
excretory organs of earthworms, Bahl (1934) has discussed the “ Habits 
of Pheretima as compared with those of Eutyphoeus Nowhere in the 
text of the paper is there any indication of the number or names of the 
species studied, though two names, P. posthuma and E. waUoni, are 
mentioned in labels of figures. Failure to observe an elementary precau- 
tion in scientific work has resulted in statements such as “ the castings 
of Pheretima always consist of solid rounded pellets ’’ (italics mine). 
Actually, P. posthuma is the only species of the genus that is known to 
produce pellet-like castings. The castings of all other species of Phere- 
tima, so far as is known, are of the tower-like type that Bahl imputes 
only to Eutyphoeus. Furthermore, P. posthuma is the only species of 
the genus that is restricted to the river-bank habitat. 


Systematics. 

Genus : Pheretima Kinberg. 

1867. Amyntaa (Type, A. aeruginoms, non Wollaston 1866), -f Nitoeris (Type 
N. gracilis, non H. & A. Adams 1854.) -f* Pheretima (With two 
species, P. moniana and P. californica.) -f Rhodopis (Type, JB. 
javanica, non Keichenbach 1854.) Perichaeta, Kinberg, Ofv. Ah. 
Fork. XXITI, pp. 101, 102. 

1883. Megascolex (maximum part) Perichaeta (minimum part) Beddard, 

Ann. Mag. Nat. Hist. (5), XII, p. 214. 

1884. Perichaeta (part), Beddard, Ann. Mag. Nat. Hist, (5), XIII, p. 401. 

1888. Perichaeta (maximum part) ~\- Megascolex (minimum part), Kosa, Ann^ 

Mus. Qcnova, XXVI, p. 166. 

1889. Megascolex (part), Vaillant, Hist. Nat. AnneX. Ill, (1), p. 

1890. Perichaeta subgenus Perichaeta, Beddard, Proc. Zool, Soc. London, 1890, 

p. 56. 

1896. Perichaeta (part, excluding Lampito and probably also P. viridis Sch- 
marda 1861) + Megascolex (part, including M. margaritaceus, M. 
iris and M. pictua), Beddard, Monog. pp. 388 and 370. 

1899. Amyntaa, Michaelsen, Mitt. Mus. Hamburg, XVI, p. 3. 

1900. Pheretima (part, excluding P. burliarensis and P. lawsoni), Michaelsen, 

Das Tierreich, X, p. 234. • 

1900. AmyrUas, Beddard, Proc. Zool. Soc. London, 1900, p. 613. 

1907. Phereiima, Michaelsen, in Michaelsen and Hartmeyor, Fauna Sud‘ 
westaustraliens, I, p. 164. (P. montana designated type species.) 

1922. Promegascolex, Cognetti, Boll. Mus. Zool. Torino, XXXVII, (744), 

p. 3. (Type, P. mekongianus.) 

1923. Pheretima (part), Stephenson, Oligochaeta, in F. B. 1. Series, p. 288, 

(excluding P. burliarensis.) 

1928. Phereiima, Michaelsen, Ark, Zool., XX, A, (3), p. 4. 

1930. MegascoUx (part, including only M. mekongianus) -h Phereiima, Stephen- 
son. The Oligochaeta, pp. 837 and 838. 

1934. Pheretima, Michaelsen, Quart. J, Mic. Sci. LXXVII, p. 12. (P. caW- 
fomica designated as type species in place of P. montana.) 

Diagnosis. Setae perichaetine. One gizzard in viii^. Excretory 
organs exonephric and enteronephric micronephridia. Testes and male 
funnels in testis sacs. Prostates racemose. 


^ Although the gizzard is in yiii, in all species in which septum 8/9 is present, one 
or more of septa 8/9-10/11 may be lacking or rudimentary so that the gizzard has the 
appearance of extending posteriorly. 
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A large proportion of the species of Pherelima are characterized as 
follows. The setae begin on ii on which segment there is a complete 
setal circle. The clitellum is annular, extending from 13/14: to 16/17 ; 
with development of the clitellar gland ularity the setae of the clitellar 
segments drop out and are not replaced, the intersegmental furrows 
between xiv and xv, and xv and xvi disappear and the dorsal pores on 
14/15 and 15/16 are occluded. Ventral reproductive apertures ; the 
spermathecal and male pores symmetrically paired, a single female 
pore. Septa 8/9-9/10 lacking, rudimentary or not normal. The intes- 
tine begins in xv or xvi close to 16/16. The last pair of hearts is in 
xiii, all hearts of ix-xiii opening into the ventral blood vessel. Seminal 
vesicles are paired in xi and xii, the vesicles of xi excluded from the 
^stis sac or sacs. Spermathecal diverticulum passing into the duct 
just at, close to or within the parietes. Only constant specific deviation 
from any of these characteristics requires especial mention in the dia- 
gnoses. 

Within a species there may be variation with regard to certain 
characteristics. Thus the single female pore may be replaced by paired 
female pores. One or more of the anteriormost dorsal pores mf\y fail 
to develop. An occasional specimen may have an unusually large or 
an unusually small number of setae on one or more segments. Normal- 
ly paired testis sacs may be replaced by unpaired testis sacs and vice 
versa. A genital marking may be lacking or extra genital markings 
may be present. One or more of the spermathecae, ovaries, prostates, 
etc., may be lacking or one or more extra spermathecae, prostates, 
ovaries, etc., may be present. When the specific norm or pattern is 
known it is scarcely necessary to include such variations in a diagnosis 
of the species. Unfortunately, in several forms, as P. taprohanae and 
Incinday only a very few specimens have been studied and hence little 
IS known as to the variation of important structures or characteristics. 
Even in some of the older species, as P. elonqata (E. Perrier) 1872, the 
specific norm is as yet scarcely obvious in all its details. In certain 
species, abnormal individuals may be much more common than normal 
individuals. Some of these species arc known, even today, only from 
the aberrant specimens, though none of these species are Indian. Even 
though abnormal individuals are more common than normal worms, 
a diagnosis must of course describe only the normal forms. A correct 
definition based on normal individuals has only recently been possible 
for one Indian species, P. anomala {vide p. 193). 

Descriptive and diagnostic terms and conventions. Intersegmental 
furrow is used in a definitely restricted sense so as to refer only to the 
slight line constituting the boundary externally between two successive 
segments. By this limitation of meaning a much more definite charac- 
^rization of the location of the spermathecal pores is possible. The 
intersegmental furrow as now defined must be distinguished from the 
deep circular groove often present between adjacent metameres on 
strongly contracted specimens. The intersegmental furrow lies at the 
bottom of such a groove. Actually the intersegmental furrow, as 

now denned, is not a furrow at all but a new term is perhaps unneces- 
sary. ^ ^ 
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Important information with regard to setal numbers is shown by a 
setal formula such as the following : vi/13-17, xvii/20-27, xviii/10-16, 
xix/20-27, 66-64/xx. The first portion of this formula shows that on seg- 
ment vi there are 13-17 setae ventrally between two longitudinal lines 
passing across the spermathecal apertures parallel to the midventral 
line. These setae are called spermathecal setae. Ventral setae on 
xviii between the male pores are called male setae. The formula indi- 
cates that the number varies from 10 to 15. Similarly there are 20-27 
male setae on xvii and xix but in this case the figures show the number 
of setae between longitudinal lines passing across the male pores parallel 
to the midventral line when the pores are superficial or across the centres 
of the apertures of the invaginations if the male pores are invaginate. If 
the spermathecal pores are large or invaginate the spermathecal pore 
lines also pass across the centres of the apertures. The portions of a 
formula with segmental numbers (in Roman numerals) as denominators 
indicate the total number of setae on the segments mentioned, thus 
56-64/xx shows that the number of setae in the circle on xx varies from 
56 to 64. It is sometimes necessary to refer to a definite seta or inter- 
setal interval and in such references italicized small letters are used, 
thus a refers to the first seta on either side of the midventral line, b to the 
second, c to third, etc. Dorsally the first seta on either side of the mid- 
dorsal line is called z, the second y, the third x, etc. A male pore may 
be located as in line with seta h while a dorsal spermathecal pore may 
be in line with y. The setal nomenclature is most useful however in 
connection with indication of location of genital markings. Thus a 
genital marking may be said to be in ah which does not necessarily mean 
that the marking is actually between a and 6 but in the space between 
two lines passing across setae a and b parallel to the midventral line, the 
exact location of the marking indicated by qualifying terms such as pre- 
or postsetal or intcrsegmental. 

Superficial and invaginate, in connection with the genital markings 
scarcely require explanation. An invagination containing a genital 
pore may be restricted to the body wall or conspicuously protuberant 
into the coelomic cavity, in the latter case, if associated with the male 
genital terminalia, a pouch formed by the invagination is called a copula- 
^ry chamber. 

Spermathecal apertures may be minute as in diffringens or large 
as in indica, minute pores may be superficial or invaginate, a large 
pore, apparently always, superficial. A large primary spermathecal 
aperture (superficial) must not be confused with the secondary sper- 
mathecal aperture of an invagination containing the primary sperma- 
thecal pore. 

Genital markings are special areas that develop in the epidermis 
of certain segments of an anterior portion of the body towards sexual 
maturity. Like the male and spermathecal pores the markings may 
be either superficial or invaginate. If invaginate the markings are 
usually within copulatory chambers of male or spernaathecal pore in- 
vaginations but may be located, as in P. anomaZa, in special invagina- 
tions that are eversible. The markings are usually associated with 
definite, glandular masses which may be sessile on or within the body- 
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wall, or stalked and either buried in the muscular layers or protuberant 
into the coclomic cavity. 

Length, diameter, and number of segments are usually mentioned 
in specific descriptions and diagnoses. There has however been con- 
siderable carelessness in connection with these characteristics. It 
should be obvious that segmental enumerations and measurements 
of juvenile, immature, autotomized, regenerating or regenerated specie 
mens have no particular value so far as specific characterization is con- 
cerned. Measurements for the sake of uniformity should be made on 
preserved, contracted specimens. (The best method of killing worms 
for taxonomic study is to merely drop the specimen into commercial 
methylated spirit. Worms may be hardened in 10 per cent, formalin 
and then preserved in formalin or alcohol.) The diameter may be 
measured at the region of greatest thickness, usually in or near the 
clitellar region. 

Simple, as applied to intestinal caeca, is used to characterize an 
anteriorly directed, more or less finger-shaped evagination of the gut 
that has but one main axis. The term is used even though there may 
be several short, secondary outgrowths from the dorsal or ventral* mar- 
gins of the caecum. 

A seminal vesicle is an outgrowth from a septum, first appearing, 
at least in many species, as an ovoidal vesicle or ampulla attached by 
a ventral stalk to the posterior face of a septum, either 10/11 or 11/12. 
With further development the stalk broadens out into a softish, ventral 
lamina with which the smaller dorsal ampulla may become fused so as 
to be no longer recognizable, or the dorsal ampulla may be definitely 
constricted off from the ventral lamina and of a distinct texture and 
shade. Seminal vesicles may be free or (in segment xi only) included 
within the testis sac or sacs. ‘‘ Included ’’ in association with testis 
sacs in the specific diagnoses has reference only to the anterior pair 
of seminal vesicles. Exclusion of these vesicles, as a negative charac- 
teristic, is not mentioned in the diagnoses. 

Testis sacs are thin-walled, membraneous sacs enclosing the testes 
and male funnels. The testis sacs may be paired or unpaired. If 
paired each sac contains only one testis and one male funnel. If un- 
paired, each sac contains the two testes and two male funnels of a seg- 
ment. Paired sacs may be ventral and suboesophageal or vertical, 
i.e., extending dorsally at the sides of the gut. The seminal vesicles 
of xi may be included within paired, vertical sacs but are never included 
within paired or unpaired suboesophageal sacs. Unpaired sacs may 
be ventral and suboesophageal or U-shaped, horseshoe-shaped, annular 
or cylindrical. When the sacs are U-shaped or horseshoe-shaped the 
limbs of the sac extend dorsally or ventrally at the sides of the gut. 
An annular sac surrounds the gut completely and is formed by the dorsal 
or ventral union of the limbs of a U-shaped or horseshoe-shaped sac. 
A cylindrical sac is formed by a sheet of tissue in form of a cylinder 
passing anteroposteriorly between two successive septa in such a way 
as to enclose practically all of the organs of a segment. If the testis 
sac of xi is cylindrical the seminal vesicles of that segment are always 
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included therein. If the sac is U-shaped the vesicles may or may not 
be included. 

Miscellaneous notes , — Identification internally of certain anterior 
segments has occasionally, from Bourne to Bahl, proved troublesome, 
as a result of the loss of certain septa and the dislocation or delicacy 
of some of those present. The female pores in Pherclima are always 
(except on very rare, abnormal specimens) on xiv and the ovaries are 
always one segment in front, in xiii. Having determined that the 
specimen is normal by reason of the location of the female pores on 
xiv, the ovaries can then be located in the opened specimen and from 
the ovarian segment which is readily identified the anterior segmenta- 
tion can be worked out, checking lost septa against segmental com- 
missures of the circulatory system (hearts) or in case of loss of hearts 
against segmental nerves or the setal circles which are visible on the 
coelomic face of the parietes. Spermathecae can be used as indicators 
only after it has been determined whether the ducts pass into the parietes 
anteriorly or posteriorly. Failure to observe this simple precaution 
has resulted in mistaken enumeration of the first post-gizzard septum 
in P. posthuma. 

The worm should be dissected through a mid-dorsal incision. This 
mode of dissection most often enables determination of important cha- 
racteristics without damage to structures that may require to be kept 
intact for future reference. 

Key to Indian species of Pherclima, 

For the sake of greater convenience this key has been based so far 
as is possible on external characteristics. 


1. a. Multithecal ....... P. elongata, 

b. Not multithecal . . . . . .2. 

2. a. Bitliccal ....... P. taprobanae, 

b, Quadrithccal to decithccal . . . .3. 

3. a, Quadrithecal ....... 4. 

b, Sexthecal to decitbecal . . . . .6. 

4. a, Male pores superficial . . . . .5. 

b, Male pores invaginate, in copulatory chambers . P. planata, 

5. a, Spermathecal jiores on 5/6-6/7 . . . P. morrisi, 

b, Spermathecal pores on 7/8-8/9 . , . P. robtista, 

6. a. Sexthecal ....... 7. 

b, Octothccal to decithecal . . . . .10. 

7. a. Spermathecal pores on f)/6-7/8 . . .8. 

b. Spermathecal pores on 6/7-8/9 . . .9. 

8. a, Male pores on xx, genital markings invaginate . P. anomeda, 
b, Male pores on xviii, genital markings superficial. P. hawayana* 

9. a. First dorsal pore on or anterior to 10/11, one 

stalked gland to each spermathecal invagina- 
tion P. houUeti, 

b. First dorsal pore on or posterior to 11/12, two 
stalked glands to each spermathecal invagina- 
tion P. campanulata* 

10. a, Octothecal 11. 

b, Decithecal P. bieincta* 



192 


Records of the Indian Museum. [ Vol. XXXIX, 

11. a. Spermathecal pores segmental, male pores inva- 

ginate, genital markings in the setal circles . P. posthuma, 
b. Spermathecal pores intersegmental, male pores 
superficial, genital markings not in the setal 
circles ....... 12. 

12. a. Preclitellar genital markings present, seminal 

vesicles excluded . . . . . P. diffringens. 

h, Preclitellar genital markings lacking, seminal 

vesicles included ...... P. alejcandri. 


Abnormal forms. 

Abnormal forms, in particular localities or in certain species, may 
be as common as or even much more common than normal forms. One 
unacquainted with the normal forms and having only abnormal indivi- 
duals may have considerable difficulty in identification. A key is there- 
fore given to assist in placing the more commonly found abnormal 
forms. 


1. a. Athccal ..... 

2. 

b. Thecal 

. 9. 

2. a. Male pores present .... 

. 3. 

b. Male pores lacking .... 

. 7. 

3. a. Male pores superficial 

. . P. alexandri 

b. Male pores invaginate 

. 4. 

4. a, Male poR's in parietal invaginations . 

. 6. 

b. Male pores in copulatory chambers . 

. 6. 

6. o. Male pores on xviii, genital markings superficial. P. elongata. 


b. Male pores ou xx, genital markings invaginate . P. anotnala, 

6. a. First dorsal pore on 11/12 or i)OHteriorly . . P. campanulaUi. 

b. First dorsal pore on 10/11 or anteriorly . . P. hovlleti, 

7. fl. First dorsal pure on 12/13, seminal vesicles in- 

cluded ....... P. alexandri. 

b. First dorsal jiore on 11/12 or anteriorly, seminal 

vesicles excluded . . . . .8. 

8. a. First dorsal pore on 1 1/12 .... P, campanulata, 

b. First dorsal pore on 10/11 or anteriorly . . P. houlleti, 

9. a. Spermathecal iM)rc8 superficial, occasionally in 

groups of 2-4 P. elongala, 

b, Spermathecal pores invaginate, never grouped . 10. 

10. a. Male pores lacking . . . . . . P. anomala, 

6. Male pores present 11. 

11. a. Male pores on xix-xxi . . . . . P. anomala, 

6. Male pores on xviii 4. 


Pheretima alexandri (Bcddard.). 

1900. Amyntaa alexandri, Beddard, Proc. Zocl. Soc, London, 1900, p. 998. 

(Type locality, Calcutta. Type in the British Museum.) 

1903. Phereiima Alexandri, Michaelsen, Geogr, Verbr. Berlin, p. 94. 

1909. Phereiima alextindri, Michaelsen, Mem, Ind. Mua, I, p. 109. 

1910. Phereiima Alexandri, Michaelsen, Abh, Nat, Ver. Hamburg, XIX (6), 

p. 11. 

1914. Phereiima ligniccla, Stephenson, Bee, Ind, Mua. VIII, p. 399. (Type 
locality, Dibnigarh, Assam. Type in the Indian Museum.) 

1916. Phereiima lignicola, Stephenson, Mem. Ind. Mua, VI, p. 99. 

1920. Phereiima ligniccla, Stephenson, Mem, Ind. Mua, VII, p. 223. 

1922. Phereiima aucloria, Stephenson, Bee. Ind. Mua. XXIV, p. 434. 

1923. P^refima alexandri -f- P. lignicola + P. aucloria (part, excluding Anda- 

man Island forms), Stephenson, (Higochaela, in F, B. /. Series, pp. 291. 
305 and 311. 
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1924. Pheretima Kgniccla + P. tuetoria var. muUani, See. Ind. Mua. XXVI, 

p. 340. 

1925. Pheretima suctoria var. mullani, Stephenson, Proc* ZooL Soc* Louden^ 

1925, p. 893. 

1931. Pheretima alexandri, Stephenson, Rec. Ind. Mus. XXXIII, p. 182. (Re- 
description of the type.) Also Gates, JRec. Ind. Mus. XXXIII, p. 
363. 

Diagnosis. — Octothecal, spermathecal pores minute and superficial, 
four pairs, on 5/6-8/9. Male pores minute and superficial. Just ante- 
rior and posterior to each male pore a small, greyish, translucent area, 
usually rather crescent-shaped and with the concave side of the area 
facing the male pore, the translucent areas and the male pore slightly 
depressed and surrounded by a narrow, slightly protuberant, U-shaped 
ridge, the limbs of the U directed midventrally. Setae : vi/6-12, 
vii/8-14, viii/10-16, xvii/13-21, xviii/10-18, xix/14-21, 13-20/ii, 18-24/iii, 
40-50/viii, 50-60/xii, 61-71/xx. First dorsal pore on 12/13. Length 
105-200 mm. Diameter 4-8 mm. Segments 90-133. 

Intestinal caeca simple. Testis sacs paired, ventral in x, vertical 
in xi ; seminal vesicles included. Spermathecal duct bulbous, mus- 
cular, lumen in ental portion of the duct large and communicating 
with the narrowed lumen in the ectal portion through a minute pore 
on the bluntly rounded tip of a rather conical papilla ; diverticulum 
with slender but muscular stalk and a looped, elongately tubular seminal 
chamber. 

Distribution. — Bombay, Calcutta and Dibrugarh in Assam. Out- 
side of India ; Burma, China (Yunnan), Siam and the Andaman Islands. 

Pheretima anomala Michaelsen. 

1907. Pheretima anomala, Michaelsen, Mitt. Mus. Hamburg, XXIV, p. 167. 
(Typo locality, Calcutta. Types in the Indian and Hamburg Mu- 
seums). 

1909. Pheretima anomala, Michaelsen, Mem. Ind. Mus. I, pp. 110 and 189. 

1910. Pheretima anomala, Michaelsen, Abh. Nat. Ver. Hamburg, XIX (6), p. 

1923. Pherelitna anomala, Stephenson, Oligockaeta, in F. B. /. Series, p. 294, 

1933. Pheretima anomala. Gates, Rec. Ind. Mus. XXXV, p. 496. 

Material examined. — From the Indian Museum. — 1 macerated, elitellate speci- 
men labelled, “ On the hill sides near Pashok Bungalow. Dr. S. D. Hora.**, 
33 aclitellate and 19 ciitellato specimens labelled, “ Forest Rest House, 
Lachhiwala, Dehra Dun District. 29. i.\-3. x. 35. Dr. S. L. Hora.**, and 
1 ciitellato specimen labelled, “ Dehra Dun. 12. x. 35. Dr. S. L. Hora.**. 
All of the Dehra Dun specimens are softened. 

The Dehra Dun specimen and all except two of the Lachhiwala 
specimens are athecal (= forma tyjdca of Stephenson, 1929). Each of 
the two exceptional specimens, one elitellate and one aclitellate, has a 
single spermathecal pore, on 5/6, on the right side. The spermathecae 
are normal but there is no spermatozoal iridescence in the seminal 
chambers. 

Diagnosis. — Sexthecal, spermathecal pores minute and invaginate, 
each pore at the centre of a vertically placed, elliptical marking on 
the anterior wall of an invagination with a transversely slit-like aper- 
ture ; three pairs, on 5/6-7/8. Male pores minute and invaginate, each 
pore at the centre of a transversely elliptical tubercle on the roof of a 
slight parietal invagination in the setal circle of xx. Genital markings 
intemab each maddng on the roof of a slight parietal invagination 
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with a transversely slit-like aperture ; three pairs, in the setal circles 
of xvii-xix. Setae present ventrally on xvi : vi/17-22, vii/17-23, xix/ 
16-18, xx/15-21, 60-68/iii, 90-96/viii, 87-95/xii, 81-90/xiii, 6-26/xvi, 
61-70/xx. First dorsal pore on 12/13. Length 80-180 mm. Diameter 
4-5^ mm. Segments 119-30. 

Intestinal caeca simple. Testis sacs unpaired and ventral. Sper- 
mathecal diverticulum with short stalk, looped middle portion in which 
the lumen is gradually widened and a slenderly club-shaped seminal 
chamber. Genital marking glands mushroom-shaped, the duct mus- 
cular, shortly spindle-shaped and coelomic. 

Very few or none of the specimens in a series of P. anomaln from 
any particular locality are actually characterized as above. Most of 
the specimens are quite markedly different. The variations diverge 
in two different directions with a large proportion of the variant forms 
attaining the extreme of divergence in one direction or the other. One 
extreme (=^ forma lypica of Stephenson, 1929) is distinguished from 
the forms defined above as follows : genital markings on xxi-xxiv, 
testes and male funnels in (iv) v-ix (xii), no seminal vesicles, no normal 
testis sacs, no spermathecae, genital marking glands in xxi-xxiv. In- 
termediates between this extreme and the form defined above have 
one or more seminal vesicles, more or less normal testis sacs, one- or 
more spermathecae and lack one or more of the genital markings and 
their glands posterior to xx as well as some of the supernumerary testes 
and male funnels. The variation in this direction tends towards a 
reduction or elimination of certain secondary female organs, the sper- 
mathccac, and increase in the number of certain male organs, the 
gonads, deferent duct funnels and copulatory glands. Without sper- 
mathecae a worm cannot receive spermatozoa in a copulatory act and 
such an individual is regarded by Stephenson as a secondarily evolved, 
dioecious male. There is, however, no evidence (vide Gates 1932 and 
1933) to show that spermatozoa are ever produced in completely pseudo- 
masculinized individuals for the testes are always flat discs in an un- 
discharged, juvenile condition. Furthermore, seminal vesicles, the 
organs in which the spermatozoa mature, are lacking. Although 
the pseudo-masculinized individuals do not ^produce mature sperma- 
tozoa, they do have, and apparently always, normal ovaries and a 
functional oviducal apparatus as well as a clitellum for the secretion 
of a cocoon. Since spermatozoa are not produced the worms cannot 
function as males even though the male deferent apparatus is present 
and normal. Although the clitellum is normally developed and ovaries 
and the oviducal apparatus appear to be functional the worms appa- 
rently do not function as females since they cannot receive spermatozoa 
from another worm during a copulatory act. In these circumstances 
the pseudo-masculinized individuals can only be regarded as abnormal. 
Gates (1933, pp. 508-510) has suggested that the pseudo-masculiniza- 
tion is caused by protozoan parasites present in juvenile individuals 
prior to initiation of development of the secondary reproductive organs. 
The definition above is accordingly of normal individuals with a full 
hermaphroditic complement of reproductive structures. 

The other extreme of divergence from normality (= forma insolita 
of Stephenson, 1929) is represented by worms characterized as follows 
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male pores, prostates, prostatic ducts, genital markings and their glands 
lacking. Intermediate forms between this extreme and the normal 
worms have one or more prostates and one or more genital markings 
and mushroom-shaped glands. The deviation from normal in this 
direction consists of a reduction or elimination of the male copulatory 
organs. Without male pores a worm cannot transfer spermatozoa in 
a copulatory act and such an individual is regarded by Stephenson as 
a secondarily evolved, dioecious female. These pseudo-feminized 
individuals always have normal seminal vesicles, normal testis sacs 
with discharged testes and matured spermatozoa and arc merely pre- 
vented from functioning as males by a failure of the male genital ter- 
minalia to develop. A similar condition is occasionally found as an 
abnormality in other Indian species of Pheretima (P, alexandri and P, 
camjjamilata) and there is at present no reason for regarding the absence 
of the male genital terminalia in P. anomala as other than an abnorma- 
lity in spite of the frequency of its occurrence. Gates (1933, pp. 508- 
510) has suggested that the pseudo-feminization is caused by proto- 
zoan parasites present in juvenile individuals prior to the initiation of 
development of the secondary reproductive organs, the parasites 
different from those which cause the pseudo-masculinization. Pseudo- 
feminized individuals can, theoretically, receive spermatozoa in a copu- 
latory act and deposit cocoons containing fertile eggs. 

Only completely or almost completely pseudo-raasculinized indivi- 
duals of P. anomala have been found hitherto in India. 

Distribution, — Pash ok (Darjiling district), Eastern Himalayas ; Dehra 
Dun and Lachhiwala (Dehra Dun district). Western Himalayas ; Calcutta 
in Bengal. Outside of India : Burma, Siam (Chiengrai), and China 
(Mong Moiig in Yunnan). 

Pheretima bicincta (Perrier). 

1875. Perichaeta bicincta, E. Perrier, C. R. Ac. Sci. Paris, LXXXI, p. 1044. 

(Types in the Paris Museum. Typo locality unknown but supposed 
to be on Luzon or Mindonoro, Philippine Islands.) 

1909. Pheretima violacra, Miehaelsen, Mem. Jnd. Mus. I, pp. 110 and 188. 

1910. Pheretima bicincta, Miehaelsen, Abh. Nat. Yer. Hamburg, XIX (6), pp. 11 

and 84. 

1916. Pheretima bicincta, Stephenson, Rec. Ind. Mus. XII, p. 335. 

1923. Pheretima bicincta, Stephenson, Oligoc.haela, in F. B. 1. Series, p. 294. 

1929. Pheretima bicincta, Aiyer, Rec. Ind. Mus. XXXI, p. 15. 

Material examined. — From the Indian Museum : 3 clitcllate specimens labelled, 
“ Pheretima bicbtcta — Pheretima violacea (Bedd.). Hyderabad, Deccan. 
Col. D. C. Phillot. ZEV 2829/7.”. 

External characteristics. — Pigmentation is no longer reconizable. 

The setae begin on ii, on which segment there is a complete circle, 
and are small, closely and regularly spaced. The setal formulae are 
shown below : — 


V 

Vi 

vii 

viii 

xvii 

xviii 

xix 

iii 

viii 

xii 

XX 

10 

7* 

10 

9 

9 

7 

10 

33 

43 

44 

. , 

7* 

9 

10 

11 

10 

8 

11 

35 

45 

46 

, , 

6* 

7 

9 

10 

8 

6 

9 

31 

42 

43 

42t 


♦ Gaps in setal line in which setal pits or traces of setal pits are visible, 
t Including setal pits as setae. 
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The clitellum is yellowish or reddish brown, annular, extending 
from 13/14 to just in front of the setae of xvi, not protuberant (level 
or constricted) ; intersegmental furrows and dorsal pores lacking, setae 
present. 

There is a pair of female pores (3). 

The male pores are minute and superficial, each pore at the tip of 
a very tiny, rather conical or almost thread-like protuberance from the 
centre of a small, indistinctly delimited, shortly elliptical, transversely 
placed, male pore area that scarcely reaches to a presctal or postsetal 
secondary furrow. 

Genital markings are not visible on these specimens, even after 
removal of the cuticle, nor with brilliant illumination and under the 
highest magnification of the binocular. Although the markings are not 
visible, glands are present internally and after noting these glands the 
sites of the genital markings were re-examined. On the postsetal por- 
tion of xviii, in a region just median to the male pore line, on each side, 
a number of minute pores are just barely visible, but the areas on which 
these pores are situated do not appear to be dilferent from the surround- 
ing epidermis. 

Internal anatomy , — Septum 9/10 is present and muscular (2); -8/9 
lacking (2). 

The intestine begins in xv (2). The intestinal wall of one specimen 
is softened and in this worm the caeca were not seen. In the other 
specimen the caeca are short, anteriorly directed, confined to xxii, two 
slight incisions of the dorsal margin, 2-3 slight incisions of the ventral 
margin. 

The last pair of hearts is in xii (2). There is a pair of hearts be- 
longing to ix (2). The hearts of x and xi are included within the testis 
sacs. 

The testis sacs are unpaired and horseshoe-shaped, the mid ventral 
termini of the sacs separated by a slight space in which is the ventral 
blood vessel. The dorsal blood vessel, in at least the posterior portions 
of X and xi, is included within the testis sac. The sac may be con- 
stricted in such a way as to form an anteriorly directed mid-dorsal 
lobe. The ventral ends of the anterior testis sac may be continued 
anteriorly on the ventral parietes parallel to the nerve cord for a short 
distance. The anterior vesicles are small and are included within the 
posterior testis sac. The vesicles of xii are rather small, acinous, ver- 
tically placed bodies that reach up into contact with the dorsal blood 
vessel. The prostates are in xvii-xix. The duct is short, with mus- 
cular sheen, bent into a U-shaped loop, the ectal limb much thicker 
than the cntal limb, but narrowed as it passes into the parietes. 

The spermathecae arc small, the ampulla only slightly wider than 
the duct, shortly ovoidal, ellipsoidal or heart-shaped, and distinguished 
from the duct by a translucent appearance. The duct, including the 
portion within the parietes, is a trifle longer than the ampulla. The 
diverticulum which passes into the anterior face of the duct at the 
parietes is shorter than the combined lengths of duct and ampulla and 
comprises an ellipsoidal seminal chamber that is translucent or trans- 
parent and a stalk of about the same length as the chamber. 
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The genital marking glands are acinous masses, sessile on the parietes, 
the masses circular or nearly so in ourline. 

Diagnosis. — Decithecal, spermathecal pores minute and superficial, 
5 pairs, on 4/5-8/9. Male pores minute and superficial, each on a trans- 
versely placed marking which may be included within a genital mark- 
ing. Genital markings paired, on xviii. Setal circles present on all 
clitellar segments ; v/9-10, vi/7-11, vii/9-11, viii/9-12, xvii/8-11, xviii/ 
4-8, xix/9-11, 31-35/iii, 42-45/viii, 43-46/xii, 42/xx. First dorsal pore 
on 12/13. Clitellum terminates anterior to the setae of xvi. Length 
50-80 mm. Diameter 2-3 mm. Segments 78. 

Septum 9/10 present and muscular. Intestinal caeca simple but 
with margins incised, in xxii. Last hearts in xii. Testis sacs unpaired 
and horseshoe-shaped ; anterior seminal vesicles included. Sperma- 
thecal diverticulum shorter than combined lengths of duct and ampulla, 
passing into the anterior face of the duct at the parietes, comprising 
an ovoidal to ellipsoidal seminal chamber and a stalk that may be as 
long as or longer than the chamber. Genital marking glands sessile 
on the parietes. 

Distribution. — Trivandrum, Travancore ; Hyderabad, Deccan. Out- 
side of India known from the Philippines, Java, Penang, Trinidad, 
Grenada and St. Thomas. The species has been recorded only twice 
from the PJieretima domain ; once from Java — 3 specimens from Malan, 
and once from the Philippines, 371 (?) specimens from some locality 
on Luzon or Mindonoro. The original home of the species is to be 
looked for either in the Philippines or in the region between those islands 
and Java. 


Pheretima campanulata (Rosa). 

1890. Perichaeia campanulcUa, Rosa, Ann. Mua. Oenova^ XXX, p. 115. (Typo 
locality, Palon, Burma. Types in the Genoa Museum.) 

1923. Pheretima houlleti (part), Stephenson, Oligochaeta, in F. B. I. Series, 
p. 304. (Excluding synonymy and distribution of forms with only 
one stalked gland to tho spermathecal poro invagination and also 
forms with no copulatory chambers.) 

1931. Pheretima campanulaia var. penetralia. Gates, Rec. Ind. Mna. XXXTII, 
p. 435. 

Material examined. — From the Indian Museum : 1 clitellate specimen labelled, 
“ On the hillside near Pashok bungalow. S. L. Hora 

Diagnosis. — Scxthecal, spermathecal pores minute and invaginate, 
each pore on a tiny conical protrusion into an invagination with trans- 
versely slit-like lumen and aperture; three pairs, on 6/7 -8/9. Male 
pores minute and invaginate, each pore on a penial body with a trilobed 
tip within a spheroidal copulatory chamber, a genital marking on each 
of the two lateral lobes of the penial body. Genital markings tiny, 
circular, greyish, translucent areas, sharply demarcated by slight cir- 
cumferential furrows, on the margins of segments near 6/7-8/9 or on 
the intersegmental furrows, median to the secondary spermathecal 
apertures, and in addition internally ; one marking on the anterior 
wall and one on the posterior wall of each spermathecal invagination, 
a group of 3-5 markings within each copulatory chamber in addition 
to markings at the base and at the tip of the penial body. Setal circles 
present on all cUtellar segments^ cUteUar set^ae with bifid tips, 1-2 penial 

9 
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setae within the wall of each copulatory chamber : vii/11-15, viii/14-19, 
xvii/18-22, xviii/0-17, xix/17-21, 20-25/iii, 33-43/viii, 44-52/xii, 50-61/yx. 
First dorsal pore on 11/12. Length 107-200 mm. Diameter 4-7 mm. 
Segments 107-136. 

Intestinal caeca simple. Testis sacs unpaired and ventral. Lumen 
in ental part of the spcrmathecal duct large and communicating with 
the nanowed lumen of the ectal portion of the duct through a tiny, 
slit-like pore on the bluntly rounded, dorsal face of a conical papilla ; 
diverticulum comprising a short, slender stalk and an elongate seminal 
chamber, the latter sliglitly widened entally and looped, often in an 
approximation to y^igzag. One or more stalked glands on the posterior 
face of each copulatory chamber, three or more on the anterior face ; 
one stalked gland to the anterior face and one to the posterior face of 
cacli spcrmathecal invagination. Cenital marking glands stalked and 
coelomic. 

JHslribulum . — Kalimpong and Pashok, Darjiling district. Eastern 
Himalayas. Outside of India ; Jhirma, Cliina (Yunnan), Siam, Malay 
Peninsula (Kuala Lumpur), Andaman Islands. 


Pheretima diffringens (Baird). 

1869. Mcguscoh'x diffririfjpna, Baird, Proc. Zool. Soc. London^ 1869, p. 40. (Type 
locality, Plus Machynllctli, MontgoraeryHhirc, North Wales. Typos 
in llio British Museum.) 

1887. Perichada mirubilis. Bourne, Proc. Zool. Soc. London^ 1886, p. 668, 
(I’ypc locality, Naduvatain, Nilgiris, »S. J. No types.) 

1900. Phvrdimn Miehaclsen, Das Tivrreich^ X, p. 281. 

1900. AmynUts hderochaetus (part), Bcddard, Proc. Zool. Soc. London ^ 1900, 

]). 622 . 

1909. Phadima hdcrochada^ Michaelscii, Mem. Ind. Mas. I, pp. 110 and 

189. 

1910. Phrdma hdcrochada, Miehaclsen, Ahh. Nat. IVr. Hamburg^ XIX, (5), 

])j). 11 and 83. 

1914. Phcrdiina hderochada, Stephenson, Pec. Ind. Mus. VIII, p. 399 and 

X, p. 343. 

1915. Pherdima hdcrochada, Stephenson, Mem. hid. Mua. VI, p. 99. 

1916. Pherdima hdcrochada ^ Prashad, ./, Bombay Nat. Hist. Soc. XXIV, p. 

503. 

1916. Pherdima hderochaeta^ Stephenson, Pcc. Ind. Mua. XII, p. 334. 

1917. Pherdima hdcrochada^ Stephenson, Rec. Ind. Mils. XIII, p. 386. 

1917. Pheretima hdcroetiada, Stephenson, Quart. J. Mic. Sci, LXll, p. 265. 

(Pharyngeal gland cells.) 

1918. Pherdima hderochaeta, Thapar, Pec. Ind. Mus. XV, i)p. 71 and 73. 

(Lymph glands.) 

1919. Pherdima hderochaeta^ Bahl, Quart. J. Mic. Sci. LXIV, p. 104 (Neph- 

ridia), and p. Ill (Septa). 

1920. Pherdima heitrochaeta, Stephenson, Mem. Ind. Mua. VII, p. 222. 

1921. Pherdima hderochaeta, Stephenson, Pcc. Ind. Mua. XXII, p. 760. 

1922. Pherdima hdcrochnday Stephenson, Rec. Ind. Mua. XXIV, p. 433. 

1923. Pheretima heterochaeta (part, excluding synonymy and distribution of 

forms M ith copulatory chambers), Stephenson, Oligochaeta, in F. B. I. 
Series^ p. 302. 

1924. Pheretima heterochaeta^ Stephenson, Pcc.. Ind. Mua. XXVI, p. 339. 

1924. Pheretima heterochaeta, Stephenson, Proc. Roy. Soc. London, B. XCVII, 

pp. 179, 188, 198, and 201. (Blood glands.) 

1926. Pheretima heterochaeta, Stephenson, Rec. Ind. Mua. XXVII, p. 59. 

1926. Pheretima heterochaeta, Stephenson, Proc. Zool. Soc. London, 1926, p. 
893. 

1931. Phercthna heterochaeta. Gates, Rec. Ind. Mua. XXXllI, pp. 387 and 
437. 

1934, Pheretima miMilia, Gates, Rec. Ind. Mua. XXXVI, p. 260, 
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Material examined. — From the Indian Museum. — 92 clitollate specimens la- 
belled, “ Dumpep, Khasi Hills, Assam. Dr. S. L. Hora 49 clitellate 
specimens labelled, “ Tcesla Bridge^ Teesta Valley. Dr. S. L. Hora 
1 aclitellato and 7 clitellate specimens labelled, “ Kalirnpong, E. Hima- 
layas. Dr. S. L. Hora 1 clitellate, macerated specimen labelled, Dha- 
ramshala Cantonment, Kangra Dt., Punjab. Dr. S. L. Hora ”, 9 cli- 
tcllatc specimens labelled, ” Dhobijhora, Knrsoong, Darjeeling. Md. 
Sharif ”, 2 clitellate specimens labelled, ” Kotla, Kangra Dt., Punjab. 
Dr. S. L. Hora”, 13 aelitellate, macerated specimens labelled, “Kangra, 
Punjab. Dr. S. L. Hora ”, 4 clitellate specimens labelled, “ Palarapur, 
Kangra Dt., Punjab. Dr. S. L. Hora ”, 1 clitellate specimen labelled, 
“ Kodaikaual, Palni Hills, S. India. Dr. S. L. Hora ”, 41 clitellate spe- 
cimens labelh'xl, “ B(‘nliope, Nilgiris. Dr. S. L. Hora ”, 5 clitellate six'ci- 
mens labelled^ “ Feni Hill, Kilgiris. Dr. S. L. Hora ”. From the Madras 
Museum. — 27 clitellate s})ecimens labelled, “ From a pit containing de- 
composing cow dung and vt'gctable matter, Coonoor, Nilgiris. Major 
K. II. K. lyenger, 1. M. S.”, 1 aelitellate and 21 clitellate specimens la- 
belled, “ From garden soil, Coonoor, Nilgiris. Major K. R. K. lyenger, 
1. M. S.”. From the Fisheries Reserve Offieer. — 3 clitellate specimens 
labelled, “ Fern Hill. 6-8. x *35.”. From Prof. K. N. Sharma.— 13 acli- 
tellatc and 55 clitellate specimens labelh'd, “ Near Katmandu, Nepal.” 

External characteristics. — The setal numbers of five Nepal specimens 
are shown below^: — 
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VI 11 

XU 

XX 

26 

33 

40 
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51 

25 

32 

37 

45 
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32 

35 

41 
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27 

28 

30 

42 

49 

28 

32 

35 

41 

50 


The clitellum, on neatly all of the mature Nepal specimens, extends 
slightly anterior to 13/14 and slightly posterior to 16/17, intersegmental 
furrows 13/14 and 16/17 not visible but the sites of the occluded dorsal 
pores of those two furrows visible. 

The first dorsal pore is on 11/12 (all Nepal specimens) except that 
two worms have a definitely pore-like marking on 10/11. 

On the Nepal worms there are no postsetal or postclitollar genital 
markings. The presctal genital markings are paired, on some or all 
of vii-ix. Each marking is approximately in cd. 

Of the Madras specimens, 19 have paired presetal genital markings 
on vii-ix, while 14 have similar markings on vii-viii only. Other worms 
lack some or all of these markings. The markings arc usually slightly 
nearer to the setae than to the intersegmental furrow and are either 
in c, cdy or d. A number of the Madras specimens have paired, post- 
setal genital markings on vi-viii, immediately in front of the spermathecal 
pores. 

Nearly all of the Dumpep specimens have three pairs of postsetal 
genital markings, one marking immediately in front of each spermathe- 
cal pore on 6/7-8/9. One specimen has in addition postsetal markings 
on V. Nearly all pf these worms have two pairs of presetal markings 
on vii-viii while one specimen also has presetal markings on ix. 

^ Teesta Bridge, according to Dr. S. L. Hora, is about 33 miles from Siliguri 
Ry. station and at an elevation of 500-700 feetr 
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Internal anatomy. — There is a pair of hearts belonging to ix in 5 
specimens, a single heart belonging to ix, on the right side in 16 speci- 
mens, on the left side in 19 specimens. There are no hearts belonging 
to X in 26 specimens ; a single heart- belonging to x, on the left side in 
6 specimens, on the right side in 7 specimens. One worm has a pair 
of hearts belonging to x (Nepal specimens). 

The seminal chamber of the spermathecal diverticulum is about 
twice as long as thick, the chamber about three times as thick as the 
stalk and one-half to one-third as long as the stalk. 

Abnormality. — Two of the Teesta Valley specimens are abnormal. 
One worm varies from normal as follows : — The right male pore is on 
XX, on the left side an additional male pore on xvii. The clitellum 
extends on the right side to 17/18. The other worm varies from normal 
as follows. — Spermathecal pores on 7/8-12/13. Female pores on xvii^ 
xviii and xix. Male pores on the left side on xxiii and xxiv, on the 
right side on xxiv. The clitellum extends from a posterior portion of 
xvii on to xxii. Presetal genital markings on the left side of viii and 
the right side of ix ; postsetal markings on the right side of viii and 
the right and left sides of ix. (There are no spiral, metameric abnor- 
malities.) The gizzard is in xi-xiii, septa 10/11-12/13 lacking.. The 
intestine begins in xvi, the right intestinal caecum extending through 
xl-x^viii, the left through xxxix-xxxvii. Testis sacs in xiii and xiv. 
Seminal vesicles in xiv and xv. No prostates. Paired ovaries and 
oyiducal funnels in xvi, xvii and xviii. The single heart of xii on the 
right side, of xiii on the left side, the last hearts in xvi. 

Diagnosis . — Octothecai, spermathecal pores minute and superficial, 
four pairs, on 5/6-8/9. Male pores minute and superficial, each pore 
at the centre of a transvesely placed, disc-shaped porophore. Genital 
markings small, circular to shortly elliptical tubercles, paired ; presetal 
on vi-ix, in cd or (and) about in he, postsetal on v-viii and just in front 
of the spermathecal pores. Setae: vi/6-11, vii/8-14, viii/10-16, xvii/ 
13-18, xviii/9-16, xix/12-17, 21-28/iii, 26-36/vi, 35-42/viii, 39-45/xii, 
42-52/xx. First dorsal pore on 11/12. Length 45-170 mm. Diameter 
3-6 mm. Segments 90-113. 

Intestinal caeca simple. Hearts of x lacking. Testis sacs unpaired 
and ventral. Spermathecal diverticulum with long stalk and shorter, 
thicker, ovoidal, simple seminal chamber. Genital marking glands 
stalked and coclomic, 

Peshawar, Mardan, Northwestern Frontier; Lahore, 
Dharamsala Cantonment, Kotla, Kangra, Palampur, Punjab ; Simla, 
Naini Tal, Western Himalayas ; Nepal, Darjiling, Kurseong,’ Kalim- 
pong, Teesta Bridge, Singla, Ghum, Sureil, Pashok, Darjiling district, 
Ganj^ok (Sikkim), Kobo (Abor country). Eastern Himalayas; Cherra- 
punji, Sadiya, Myntaung Valley, Shillong, Imphal (Manipur), Dumpep 
Assam; Siliguri, Rangamati (Chittagong Hill Tracts), Bengal; KodaC 
kanal, Tiger Shola (Palni Hills), Naduvatam, Benhope, Kotagiri, Fern 
Hill, Coonoor (Nilgiri Hills), Bababudan Hills (Mysore), South India. 

Out^e of India : Ceylon, Burma (Shan Plateau and Bhamo district 
oidy), China (ftovinces of Yunnan, Szechuan, Chekiang, Kiangsi 
Kiangsu, Anhwei, Fukien, as well as Hongkong), Java, Sumatra, New 
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Caledonia, Australia, Hawaiian Islands, Transvaal, Natal, Madagascar, 
Anjouan, Cape Verde, St. Helena, Sardinia, Azores, Poland,* Scot- 
land,* Wales,* Italy, Portugal, France, United States, Mexico, 
Costa Rica, San Domingo, Colombia, Peru. 

Pheretima elongata (Perrier). 

1872. Perichaeta elongata, E. Perrier, N, Arch, Mus. Paris, VIII, p. 124. (Typo 
locality, Peru ! Type in the Paris Museum.) 

1909. Pheretima biserialis, Michaelsen, Mem. Ind. Mus. I, pp. 110 and 187. 

1910. Pheretima dongata, Michaelsen, Abh. Nat. Ver. Hamburg, XTX (5), pp. 

11 and 84. 

1920. Pheretima dongaia, Stephenson, Mem. lud. Mus, VII, p. 222. 

1922. Pheretima dongata, Michaelsen, Mitt. Mus. Ilamlmrg, XXXVIII, p. 68. 

1022. Pheretima elongata, Stephenson, Bee. Jnd. Mus. XXIV, p. 433. 

1923. Pheretima dongata, Stephenson, Oligochaeta, in F. B. I. Series, p. 298. 

1924. Pheretima elongata, Stephenson, Rec. Jnd. Mus. XXVI, p. 433. 

1926. Pheretima dongata, Stephenson, Rec. Ind. Mus. XXVIII, p. 256. 

Diagnosis. — Multithecal, spermathecal pores minute and super- 
ficial, in paired groups of 2-4, on or near to 5/6-6/7. Male pores minute 
and invaginate, each pore on a disc-shaped porophore on the median 
wall of a parietal invagination with a crescentic aperture. Genital 
markings transversely elliptical, presetal, widely paired, on xix-xxiv. 
Setae : xvii/12-17, xviii/10-15, xix/12-15, 50-66/iii, 67-104/viii, 54-80/ 
xii, 55-75/xx. First dorsal pore on 12/13. Length 85-300 mm. 
Diameter 3|-G mm. Segments 169-241. 

Testis sacs unpaired and annular ; seminal vesicles as well as hearts 
of X and xi included. Spermathecal diverticulum with stalk longer 
than the ovoidal to ellipsoidal seminal chamber. Genital marking 
glands sessile on the parictes. 

Remarks. — P. elongata is usually athecal. Absence of spermathecae, 
as in P. anomala, is regarded as an abnornoality. Thecal specimens 
do not have a symmetrically paired arrangement of the spermathecae, 
the latter either asymmetrical or in groups. A grouped arrangement 
of the spermathecae characterizes a subgenus of Pheretima recently 
erected by Michaelsen (1934, p. 15). The subgenus Pohjpheretima is 
further distinguished only by the absence of intestinal caeca. P. elongata 
which is acaecal and when thecal often with a multithecal arrangement 
of the spermathecae, may possibly have originated in Michaelsen’s 
Polypheretima region, an area including the southern portion of the 
Malay Peninsula, Borneo, Celebes and New Guinea. Actually P. elongata 
is close to P. stelleri (Michaelsen), 1891. This species cannot at present 
be adequately characterized and is possibly a conglomerate of two or 
more species. 

Distribution. — Poona, Bombay, Manmad and Karachi in Bombay 
Presidency ; Palia, Indore and Ujjain in Central India ; Namkhana 
(Sunderbans) and Calcutta in Bengal ; Hyderabad, Deccan ; Mockoli, 
Bhaganamola, Manakoti (Curg), Shimoga (Mysore), Singanallur (Coim- 
batur district) in South India. Outside of India : Ceylon, Burma, 
Andaman Islands, Siam, Sumatra, Java, Celebes, Philippines, New 
Caledonia, Sumba, Salibaboe, Eei, Flores and Hawaiian Islands, Mada- 
gascar, Porto Rico, Hayti, (Juba, Panama, Peru, Venezuela, British 
and Dutch Guiana. 


* Only in greenhouses. 
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Phererima hawayana (Rosa). 

1891. PeHclmda hawayana^ Rosa, Ann. Hofmua, Wien, VI, p. 396. (Type 
locality, Hawaii. Type in the Vienna Museum.) 

1909. Pheretima hawayana f. typica, Michaelseii, Mem. Ind. Mus, I, pp. 110 
and 187. 

1910. Pheretima hawayana f. typica, Michaelsen, Abh. Nat. Ver. Hamburg, 
XIX (5), pp. 11 and 83. 

1914. Pheretima hawayana (part), Stephenson, Bee. Ind. Mus. X, p. 343. (Ex- 
cluding qujulrithecal forms.) Although none of these specimens 
have been preserved in the Indian Museum, individuals with enlarged 
setae on iv-viii or v-vii must be referred to haivayana. 

1916. Pheretima hawayana iypirn (part) H- P. h. harbadenaia (part), Praahad, 
.7. Bombay Nat. Jlist. Soc. XXIV, pp. 499 and 501. (Excluding 
quadrithecal forms.) 

1916. Pheretima hawayana f. typica, Stephenson, Bee. Ind. Mua. XII, p. 334. 
1923. Pheretima hawayana. (part), Stephenson, Oligochaeta, in F. B. I. Series, 
p. 300. (Excluding synonymy and distribution of quadrithecal 
forms.) 

1925. Pheretima hawayana, Stephenson, Bee. Ind. Mwf. XXVII, p. 59. 

1934. Pheretima hawayana, dates. Bee. Ind. Mus. XXXVI, p. 259. 

Material examined. — From the Indian Museum : 5 elitellate specimens labelled, 

“ Pheretima hawayana (Rosa). Under stones in thicket of trees, Kur- 
seong, K. Himalayas. Sta. 13. 5,000 feet. 9. iii. 24. Hr. B. N. Chopra. 

W 1221/1.'’, I elitellate anterior fragment and 1 aelitellate specimen la- 
])clled, “ Pheretima hawayana forma fypica. Kurseong, E. Himalayas. 
4,500 feet. 26. iii. 10. Dr. F. H. Gravely. ZEV 6540/7.’^, 1 olitellato 
Hpeeimeu labelled, “ Phereiimn hawayana forma typica. Kurseong, E. 
Himalayas. E. Bergtheil, Esq. ZEV 2826/7. *, 3 elitellate specimens 
labelled, “ Pheretima hawayana forma typica. Kurseong, E. Himalayas. 
5,000 feet, 13-16. vii. 07. Mus. Coll. ‘(R. Hodgart). ZEV 4154/7.’’, 1 
elitellate specimen lab(*llc<l, “ Pheretima hawayana forma typica. Ramnee, 
Gurwhal Dist, U, P. 20-10-07. Mus. Coll. (R. Hodgart).’ ZEV 4188/7.”, 
3 elitellate specimens labelled, ” Pheretima. hawayana forma typica. Ten- 
gyuch, Yunnan. 1. Coggiii Brown. ZEV 4892/7.”, and 1 elitellate spe- 
cimen labelled, ‘‘ Pheretima hawayana forma typica. Pattipola (Hill 
Country) Ceyhui. Dr. N. Annandale. ZEV 5085/7.”. The Yunnan 
tube contains, in addition to the P. hawayana, I macerated and 1 well 
jireserved specimen of P. caJifornica Kinberg 1867. 

One of T)r. Chopra’s specimens from Kurseong has twelve postsetal 
genital markings on xviii, in two groups of six each. One of Hodgart’s 
specimens from Kurseong has cigl.t postsetal genital markings on xviii. 

Diagnosis. — Sextheeal, spermathccal pores minute and superficial, 
three pairs, on 5/6-7/8. Male pores minute and superficial, each pore 
at the centre of a small, transversely elliptical, disc-shaped porophore. 
Oenital markings small, paired tubercles ; postsetal on vii-viii and 
slightly median to the spermathccal pore lines ; on xviii, in or just be- 
hind the setal circle and just median to the male pore lines. Setae 
present ventrally on xvi : vi/4 8, vii/lO-15, xvii/I5-20, xviii/10-15, 
xix/16-20, 17-21/iii, 3640/viii, 44-49/xii, 48-5C/xx. First dorsal pore 
on 10/11. Length 60-112. Diameter 3-4 mm. Segments 71-91. 

Intestinal caeca simple, with a few short lobes on tlie ventral margin. 
Testis sacs unpaired and ventral. Spermathccal diverticulum with 
stalk longer than the seminal chamber and with irregular lumen, seminal 
chamber slenderly club-shaped. Genital marking glands stalked and 
coelomic. 

Distribution. — Kurseong in the Eastern Himalayas, Shillong in 
Assam, Ramnee in the United Provinces, Lahore in the Punjab. Ste- 
phenson (1923, p. 302) includes Rangamati in the distribution of the 
species but no record of this can be found. Outside of India : Ceylon 
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(Pattipola), Burma (Namkham, Kawngmu, Kutkai, Lashio and Mogok, 
all on the Shan Plateau), China (Provinces of Chekiang, Szechuan, 
Yunnan, Fukien, also Hongkong), Borneo, Samoa, Hawaiian and Fiji 
Islands, Bermuda, Barbados, United States (southern), Brazil, Uruguay 
and Chile. 

Pheretima houlleti (Perrier). 

1872. Perichaeia houlleti, E. Perrier, N. Arch. Mus. Paris, VIII, p. 99. (Typo 
locality, Calcutta. Types in the Paris Museum.) 

1889. Megascolex Houlleti, VaiUant, Hist. Nat. Amiel. Ill, (1), p. 75. 

1895. Perichaeta houlleti (part), Beddard, Monog., p. 424. (Excluding P, 
campanulata.) 

1898. Perichaeta crescentica, Fodarb, Proc. ZooL Snc. London, 1898, p, 447. 

(Typo locality, Dehra Dun. Types probably in the British Museum. 
Vide note below.) 

1898. Perichaeta iravancorensis, Fedarb, J. Bombay Nat. Hist. Soc. XI, p. 436. 

(Type locality, Travancorc. Types in the British Museum. The 
types wore obtained by the Museum on the purchase of Beddard’s 
collection. It is probable that specimens labelled crescentica and 
obtained in the same way and from the typo locality of this species 
are actually the types.) 

1900. Pherctima crescentica + P. houlleti (part, excluding at least campanulata, 
guillelmi and possibly also udekemi) -h P. Iravancorensis, Michaelsen, 
Das Tierreich, X, pp. 262, 273 and 310. 

1900. Amyntas houlleti (part, excluding at least campanulata and guillelmi) 
-|- A. iravancorensis, Beddard, Proc. Zool. Lioc. London, 1900, pp. 613 
and 614. 

1903. Pheretima Houlleti (part, excluding distribution of campanulata and 
Bahama forms) P. iravancorensis, Michaelsen, Oeogr. Verhr. pp. 97 
and 100. 

1909. Pheretima houlleti (part, excluding the distribution of campanulata) 

+ P. iravancorensis + P. houlleti, Michaelsen, Mem. Ind. Mus. I, 
pp. 110 and 187. 

1910. Pheretima houlleti (part, excluding the distribution of campanulata, 

guillelmi und mcridiana) -f- P‘ Iravancorensis P. houlleti, Michaelsen, 
Abh. Nat. Ver. Hamburg, XIX (5), pp. 11, 13 and 83. 

1911. Pheretima iravancorensis, Cognetti, Ann. Mag. Nat. Hist. (8), VII, 

p. 494. 

1916. Pheretima houlleti, Stephenson, Bee. Ind. Mus. XII, p. 334. 

1916. Pheretima trivandrana, >StophcnHon, Bee. Ind. Mus. XU, p. ,335. (Typo 

locality, Trivandrum, Travancore. Typo in the Indian Museum). 

1917. Pheretima houlleti, Stephenson, Bee. Ind. Mus. XIII, p. 385. 

1922. Pheretima houlleti, Michaelsen, Mitt. Mus. Hamburg, XXXVIII, p. 68. 

1922. Pheretima hryulleti, Stephenson, Bee. Ind. Mus. XXIV, p. 434. 

1923. Pheretima houlleti (part, excluding aimpanulata and the distribution 

of guillelmi and rneridiana) -f- P. traimncorensis -[- P. trivandrana, 
Stephenson, Oligochaeta, in F. B. I. Series, pp. 304, 313 and 314. 

1924. Pheretima houlleti, Stephenson, Bee. Ind. Mus, XXVI, p. 340. 

1929. Pheretima Iravancorensis 4- P. trivandrana, Aiyer, Bee. Ind. Mus. XXXI, 
p. 15. 

1934. Pheretima houlleti. Gates, Bee. Ind. Mus. XXXVI, p. 259. 

Material examined.— From the Indian Museum : 1 2 clitellatc specimens labelled, 
“ Pheretima houlleti (E. Perr.) Bhim Tal, Kumaon ; 4,500 ft. alt., N. A., 
19-28. ix. 06. ZEV 2825/7.”, 4 clitollate specimens of which two are 
dissected, labelled, ^'Pheretima houlleti (E. Perr.). Ilaniganj, Burdwan 
dist., Bengal. L. L. Fermor. ZEV 2824/7.”, 1 dissected, clitellatc speci- 
men labelled, '^Pheretima houlleti (E. Perr.). Mangalore, Malabar. G. 
Matthai. ZEV 4143/7.”, 2 dissected, elitellato specimens labelled, ” Phere- 
tima houlleti (E. Perr.). Triehur (Cochin State) Malabar, Madras Pres. 
July 1909. G. Matthai. ZEV 3504/7.”, 1 aclitellatc, cb'ssected specimen 
labelled, “ Pheretima houlleti (E. Perrier). Trivandrum, Travancorc. 
Trivandrum Museum. “Type”. ZEV 7233/7.”, 1 clitellatc, dissected 
specimen labelled, “ Pheretima houlleti. Rawal Pindi, Punjab. Dec. 
1915. Ragunath Sahai. Lt. Col. J. Stephenson, I.M.S. W 41/1.”, 
1 dissected, clitellate specimen labelled, “ Pheretima houlleti (E. Perr.) 
Bombay, J. P, Mullan. W 1165/1.”, 1 clitellatc, macerated, dissected 
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specimen labelled, ** Pheretima houlleii (E. Perr.). Compound of the 
Forest Research Institute, Dehra Dun. 20, viii. 21. W 686/1.**, 2 clitel- 
late, dissected specimens labelled, “ Ph&retima houUeti (E. Perr.). Khasi 
Hills, Sta. 6, Under stones and in muddy pools around Dak bungalow 
at Cherrapunji, Assam. 28. x. 1921. S. L, Hora. W 686/1.’*, 1 clitellate, 
dissected spticimen labelled, “ Pheretima houlleii (E. Perr.). Matheran. 

X. 21. J. P. Mullan. W 1164/1.**, and 2 clitellate, dissected specimens 
labelled, “ Pheretxnui houlleii (E. Perr.). Gorge below Chota tank, Buldana^ 
Borar. 2190 ft. Sta. 7, 17, ii. 23. H. S. Rao. W 1128/1.’*. From the 
British Museum : 1 aclitcllate and 3 clitellate dissected specimens labelled, 

“ Pheretima travancorensis (ty|3o) 1904. 10. 5. 167/8. coll. Beddard.”. 

Remarks. — The types of P, travancorensis are quite obviously refer- 
able to houlleii. 

With the exceptions noted below, all of the Indian Museum material 
can be referred, without question, to houlleii. One lot of specimens 
from Bombay (Stephenson) and others from Malabar (Chevagun bei 
Calicut), Trivandrum, Coorg and Mysore (Michaelsen) have not been 
available for examination. There is, however, no evidence to indicate 
that any of these specimens might be anything but houlleii. 

The Mangalore specimen is peculiar in that some of the spermathecal 
pore invaginations have the posterior stalked gland characteristic of 
campanulata and meruliana. The left spermathecal invagination of 
vii has two anterior stalked glands. The penial body is slenderly cdhical, 
genital markings apparently lacking thereon or nearby, the shape much 
more like that of houlleii than tliat of either campanulaia or meridiana. 
The first dorsal pore is definitely on 8/9. The size is well within the 
houlleii limits. In spite of the presence of the posterior stalked glands 
the other characteristics just mentioned necessitate identification as 
houlleii. Tlie presence of posterior stalked glands on the spermathecal 
invagination is accordingly regarded as an abnormality, associated 
with an abnormal doubling of the anterior glands. The doubling of 
the anterior glands has been observed previously but the presence of 
posterior glands on the spermathecal pore invagination has not hitherto 
been noted in P. hotilleii. 

One specimen labelled, Pherethna houlleii (E. Perr.) Bansda, 
Surat. October 1922. J. P. Mullan. W 116G/1.’’, is macerated and 
lacks at least a portion of the anterior end. Identification in the present 
condition is not feasible, but paired, rather thread-like segmental struc- 
tures are almost certainly meganephridia. It is highly improbable 
that Stephenson mistook a meganephric worm for P. houlleii, which is 
purely micronephric. Presumably labels or specimens have been acci- 
dentally changed. Hence the Surat record has not been questioned. 

Diagnosis. — Sexthecal, spermathecal pores minute and invaginate, 
each pore on the roof or lateral wall near the roof of an invagination 
with transversely slit-like lumen and aperture ; three pairs, on 6/7-8/9. 
Male pores minute and invaginate, each pore on a slenderly conical 
to shortly columnar penis on the roof of a spheroidal copulatory chamber. 
Genital markings tiny, circular, greyish translucent areas sharply de- 
marcated by slight circumferential furrows, internal only ; one murVing 
on the anterior wall of each spermathecal pore invagination, one mark- 
ing on the median wall of each copulatory chamber, one to three mark- 
ings on or near the base of each penis. Seta a and some of the ventral 
setae of the preclitellar segments enlarged, modified and ornamented ; 
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setae present on all clitellar segments and with bifid or trifid tips : vii/ 
11-17, viii/16-26, xvii/r2-16, xviii/5-12, xix/12-15, 24:-31/iii, 37-51/viii, 
46-54/xii, 51-61/xx. First dorsal pore on 7/8-10/11. Length 65-110 
mm. Diameter 3-4i mm. Segments 90-116. 

Intestinal caeca simple. Testis sacs unpaired and ventral. Lumen 
in ental part of the spermathecal duct wide and communicating with 
the narrowed lumen of the ectal portion of the duct through a tiny, 
slit-like aperture at the centre of a low, disc-shaped papilla of circular 
outline ; diverticulum with short, straight stalk and wider, elongate 
seminal chamber, the latter looped in part or in whole, often in an ap- 
proximation to zigzag. One or more stalked glands to the anterior 
face of each copulatory chamber, one stallced gland on the posterior 
face ; one stalked gland to the anterior face of eacli spermathecal 
invagination. 

Distribution, — Rawalpindi, Punjab ; Dehra Dun, Bhim Tal, Allaha- 
bad, United Provinces ; Calcutta, Raniganj (Burdwan district), Bengal ; 
Cherrapunji, Assam ; Bombay, Matheran, Bansda (Surat), Bombay 
Presidency ; Buldana (Berar), Central Provinces ; Mangalore, Trivan- 
drum (Travancore), Trichur (Cochin), Chevagun (near Calicut), Merkara 
(Coorg), Shimoga, Bangalore (Mysore), Salem, South India. Outside 
of India : Ceylon (Panadhure), Burma (widely spread), Andaman 
Islands, Siam, Malay Peninsula. P. houllcii has been recorded from 
other places but in view of the confusion of at least three species with 
houlleti the records require confirmation. There is no valid record of 
the occurrence of the species in China, outside of the province of Yunnan. 

Pheretima monisi (Beddard). 

1892. Perichaeia morrisi, Beddard, Proc. Zool. Stx:. London y 1892, p. 186. 
(Typo locality, Penang. Types in the British Museum.) According 
to Boddard the typos are from J’enang, but the label in the tube of 
types states that the worms are from Hongkong.) 

1898. Perichaeia cupulifera, Fedarb, Proc, Zool. ^Soc. London, 1898, p. 446. 

(Type locality, Dehra Dun. Types, if still in existence, in the British 
Museum.) 

1900. Pheretinia barbadensia (part, excluding sexthecal forms) H- P. morriai, 
Michatilscn, Daa Tierreich, X, pp. 254 and 287. 

1900. Amyntaa harmyanua (part), Biiddard, Proc. Zool. Soc. London, 1900, 
p. 645. (Excluding sexthecal forms.) 

1903. Pheretima hawayana (part), Michaelsen, Geogr. Verbr., p. 96. (Excluding 
sexthecal forms.) 

1909. Pheretima hawayana barhadenaia, Michaelsen, Mem. Ind. Mva. I, pp. 110 

and 187. 

1910. Pheretima hawayana barhadenaia, Michaelsen, Abh. Nat. Ver. Hamburg, 

XIX (5), p. 11. 

1914. Pheretima hawayana (part), Stephenson, Rec. Ind. Mua. X, p. 343. (Ex- 
cluding sexthecal forms with enlarged setae on iv-viii or v-vii.) 

1916, Pheretima hawayana typica (part) P. h. barbadenma (part), Prashad, 

J. Bombay Nat, Hiat, Soc. XX^V, pp. 499 and 501. (Excluding 
sexthecal forms.) 

1917. Pheretima hawayana, Stephenson, Rec. Ind. Mua. XIII, p. 386. 

1920. Pheretima hawayana, Stephenson, Mem. Ind, Mua. VII, p. 222, (All 

of Stephenson’s specimens of hawayana from Bombay that have been 
preserved in the Indian Museum are referable to morriai.) 

1921. Pheretima hawayana, Stephenson, Rec. Ind. Mua. XXII, p. 760. 

1922. Pheretima hawayana, Stephenson, Rec. Ind. Mua. XXIV, p. 433. 

1923. Pheretima hawayana (part), Stepohnson, Oligochaeta, in F. B. I, Series, 

p. 300. (Excluding sexthecal forms.) 

1924. PJ^etima hawayana, Stephenson, Rec. Ind. Mua. XXVI, p. 339. (Vide 

note under Stephenson, 1920.) 
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1920. Pheretima hawayamt, Stephenson, Rec, Ind. Mus. XXVIII, p. 256. (Vide 
note under Stephenson, 1920.) 

Material examined. — From the Indian Museum : 10 olitellate or partially 
clitellate specimens labelled, “ Pheretima hauvyana (Rosa). Lahore, 
Punjab. Lt.-Col. J. Stephenson. W 49/1.”, 1 aclitellato specimen la- 
belled, ” Pheretima hnwayana (Rosa). Nepal Valley, E. Himalayas. 
4,500-6,500 feet. Lt.-Col. J. Manners -Smith. W 74/1.”, 7 clitellate 
specimens labelled, ^'Pheretima hawayana (Rosa). Brindaban, Muttra 
Hist. U. P. 15. vii. 17. T)r. B. Prashad. W 233/1.”, 5 clitellate speci- 
mens labelled, Pheretima hawayana (Rosa). Udaipur, Rojputana. 
March 1918. Lt.-Col. .1. Stephenson. W 234/1.”, 4 clitellate macerated 
specimens labelled, Pheretima hawayana (Rosa). Compound of Forest 
Res. Inst. Dehra l)un. 20. viii. 21. W 682/1.”, 4 clitellate specimens 
labelled, Pheretima hawayarta (Rosa). Tmphnl Residency Garden, Mani- 
pur. 2. iii. 20. Manipur Survey. W 566/1.”, 1 aelitcllatc and 1 clitellate 
specimens lalK‘lled, “ Pheretima hawayana (Rosa). Bombay. Prof. J. P. 
Mullan. W 1163/1.”, 13 clitellate, macerated specimens labelled, Phere- 
tima hawayana suhsp. harhadenma. Lahore, Punjab. Major J. Stephen- 
son. ZEV 2827/7.”, and 1 aclitellato and 6 clitellate specimens Inbclle^, 
“ Kalimpong, E. Himalayas. June 1934. S. Ti. Hora.”. 

One of Stephenson’s specimens from Lahore has a transverse, pre- 
setal row of 8 markings on xviii, a transverse row of 7 presetal markings 
on xix, in addition to the usual pair of markings just median to each 
male porophorc. Other specimens from Lahore have several presetal 
genital markings on each of segments xviii and xix in addition to the 
markings close to tlie male porophores. Four of the Kalimpong speci- 
mens have a presetal row of markings on xvii, of 5 markings (i speci- 
mens) or of 6 markings (1 spoeimen). One of these specimens has in 
addition 5 presetal markings on xix. One of Mullan ’s specimens from 
Bombay has an extra male pore on xvii on the left side and just median 
thereto a pair of markings, one presetal and one postsetal. Associated 
with the extra male porophore is a well-developed prostate and pros- 
tatic duct. On one of the Manipur Survey specimens the median pre- 
setal marking on vii is replaced by a pair of markings in contact at the 
midventral line. 

Diagnosis.— Quadrithecal, spermathecal pores minute and superfi- 
cial, two pairs, on 5/G-0/7. Male, pores minute and superficial, each 
pore on a tiny, transversely elliptical, disc-shaped porophore. Genital 
markings small, transversely elliptical to cinmlar tubercles ; two just 
median to each male porophorc with one presetal and one postsetal ; 
presetal and median on v-viii ; presetal and just median to the sperma- 
thecal pore lines on vii-viii ; presetal and median to the male pore lines 
on xviii-xix, postsetal and median to the male pore lines on xvii-xviii. 
Setae present ventrally on xvi : vi/ir)-28, xvii/16-23, xviii/10-17, xix/16- 
23, 23-29/iii, 46-61 /viii, 48-5G/xii, 4-22/xvi, 46-59/xx. First dorsal pore 
on 10/11. Length 40-150 mm. Diameter 2i-6 mm. Segments 87-96. 

Intestinal caeca simple, with a few short lobes on the ventral margins. 
Testis sacs paired and ventral. Spermathecal diverticulum with short 
stalk-lumen narrow and irregular, a middle portion with high and thick 
transverse ridges, seminal chamber slenderly club-shaped. Genital 
marking glands stalked and coelomic. 

-Lahore, Punjab ; Dehra Dun, Bindraban near Muttra, 
United Provinces ; Nepal Valley, and Kalimpong, Eastern Himalayas ; 
Imphal, Manipur ; Udaipur, Rajputana ; Bombay. Outside of India : 
Burma (widely distributed on the Shan Plateau and also known from 
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Myitkyina and Bhamo district and from Mt. Popa in Myingyan district), 
China (provinces of Yunnan, Szechuan, Fukien and Chekiang, also 
Hongkong), Siam (Chiengmai), Penang, Sumatra, Hawaiian Islands, 
Cape Verde, St. Helena, Barbados, United States (southern), Brazil 
and Chile. 


Pheretima planata Gates. 

1926. Pheretima planata, Gato^j, Mag. Nat. Hist. (9), XVll, p. 411. (Typo 
localily, Uan^oon. ) 

1926. Pheretima planuta, JStophcnsoii, Pec. Ind. Mvs. XXVIII, p. 2/56. 

Diagnosis. — Quadrithecal, spcrmathecal pores minute and superfi- 
cial, two pairs, on the anterior margins of vii and viii close to 6/7 and 
7/8. Male pores minute and invaginatc, each pore on the roof of a 
copulatory chamber with a transversely slit-like aperture. Genital 
markings tiny, circular, translucent areas ; external markings on the 
posterior margins of vii and viii and the anterior margin of viii, 1-4 
markings just median to each spermathecal pore ; internal markings 
8-12, on the roof and walls of the copulatory chamber. Setae ; vii/35- 
42, xvii/17-22, xviii/9-14, xix/16-20, 60-67/iii, 75-87/viii, 63-78/xii, 56- 
65/xx. First dorsal pore on 11/12. Length 64-170 mm. Diameter 
4-7 mm. Segments 115-142. 

Intestinal caeca simple. Testis sacs paired ; of x, ventral ; of xi, 
vertical ; seminal vesicles included. Spermathecal diverticulum longer 
than combined lengths of duct and ampulla, comprising a short stalk, 
a thicker middle portion with thick wall within which are numerous 
small, spheroidal to ovoidal chambers opening into the central lumen, 
and a terminal, clongately ellipsoidal seminal chamber. Genital marking 
glands stalked and coelomic. 

Distribution , — Katlicherra in South Cachar, Assam. Outside of 
India found in Burma, Andaman Islands and the Malay Peninsula 
(Kuala Lumpur). 


Pheretima posthuma (Vaillant). 

1868. Perichaeta poMhima, L. Vaillant, Ami. Sci. Nat. (.^)), X, p. 228. (Type 
localily, .Java ’ Types in the Paris Museum.) 

188,‘l. Megascolex affinis, Boddard, Ann. Mag. Nat. Hist. (.5), XII, p. 214. 

1889. Megascolex posthuma, Vaillant, Hist. Nat. Anyiel. Ill, (1) p. 72. 

1895. Perichaeta posthuma, Boddard, Monog. j). 424. 

1900. Pheretima posthuma, Micbaolsen, Das Tierreich, X, p. 295. 

1900. Amyntas posthumus, Boddard, Proc. Zool. Soc. London, 1900, p. 641. 

1901. Amyntas posthumus, Boddard, Proc. Zool. Soc. l.ondon, 1901, p. 196. 

1902. Pheretima posthuma, Boddard and Fcdarb, Proc. Zool. Hoc. London, 

1902, p. 164. (Coolomio pouches.) 

190.‘1. Pheretima posthuma, MichacJseii, Gcogr. Verbr. p. 98. 

1909. Pheretima posthuma, Michaelsen, Mem. Ind. Mus. I, pp. 110 and 189. 

1910. Pheretima posthuma, Michac'lsen, Ahh. Nat. Ver. Hamburg, XIX (5), 

p. 12. 

1911. Pheretima posthuma, Lloyd, Introduction to Biology for Students in India, 

p. 68. 

1911. Pheretima posthuma, Lloyd and Powell, J. Bombay Nat. Hist. Soc. XXI, 
pp. 289 and 291. 

1913. Pheretima posthuma, Stephenson, Trans. Boy. Soc. Edinburgh, XLIX, 

p. 764. (Circulatory System.) 

1914. Pheretima posthuma, Stephenson, Bee. Ind. Mus. X, pp. 323 and 342. 

1915. Phefetima posthuma, Stephenson, Mem. Ind. Mus. VI, pp. 37 and 99. 

1916. Pheretima posthuma, Prashad, J, Bomliay Nat. Hist. Soc. XXIV, p. 602. 
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1016. Pheretinia posthuma, Prashad, “ The Anatomy of an Indian Earthworm, 
Pheretirna posthuma.'*', Lahore, p. 1. 

1016. Pheretirna poethuma^ Stephenson, Rec. Ind. Mus. XII, p. 334. 

1017. Pheretirna posthuma, Stephenson, Quart, J, Mic, 8ci, LXII, p. 261. 
(Pharyngeal gland cells.) 

1017. Pheretirna poslhuma, Stephenson, Rejc.. Ind. Mus. XIII, p. 385. 

1018. Pheretirna posthuma, Thapar, Rec. Ind. Mus. XV, pp. 71 and 74. (Lymph 
glands and coclomio organs.) 

1010. Pheretirna posthurrui, Bahl, Quart. J. Mic. Sci. LXIV, pp. 76 and 100. 
(Nephridia and septa.) 

1020. Pheretirna posthurmiy Stephenson, Mem.. Ind. Mus.., VII, p. 222. 

1021. Pheretirna posthnrnaf Bahl, Quart. J. Mic. Sci. LXV, pp. 340 and 354. 
(Circulatory system.) 

1922. Pheretirna posthumOt Stephenson, Rec. Ind. Mna. XXIV, p. 434. 

1922. Pheretirna posihuma^ Bahl, Quart. J. Mic. Sci. LX VI, p. 50. (Cocoons.) 

1923. Pheretirna posthurnOf SU^phenson, Oligochaeia, in F. Ji. 1. Series, p. 309. 
1024. Pheretirna posthurna, Stephenson, Rec. Ind. Mus. XXVI, p. 340. 

1924. Pheretirna posthuma, Stephenson, Proc. Roy. Sac. London, B, XCVIl, 
p. 180. (Blood glands.) 

1920. Pheretirna posthurnn, Stephenson, Rec. Ind. Mus. XXVIII, p. 268. 

1926. Pheretirna posthurna, Bahl, Indian Zool. Mern. T, p. 1. 

1930. Pheretirna posthurna, Nath, Quart. J. Mic. Sci. LXXV, p. 477. (Oolgi 
Apjmratus.) 

1933. Pheretirna posthurna, Nath, Quart. J. Mic. Sci. IXXVI, p. 138. (Golgi 
bodies.) 

1034. Pheretirna posthurna, Bahl, Quart. J. Mic. Sci. LXXVI, p. 567. (Cast- 
ings.) 

1936. Pheretirna posthurna, Bahl, Indian Zool. Mem. I, 2nd ed., p. 1. 

Material exurnined. — From the Indian Museum : 3 aelitellate (and probably 
also 2 juvenile) spoeimens labelled “ On ground near tlie cistern of ex- 
ttuisioji Filter Bod No. 7. Fulta Waterworks. Pulta Waterworks Sur- 
vey.”, 4 f>artially eliteltatc or aelitellate spec imens lab<41ed, ” On the 
banks of New Filter Bed No. 3, Pulta Waterworks. Pulta Waterworks 
Survey.”, 1 clitellato and macerated 8)x>cimen labelled, “ On sand in New 
Filtc^r Bed No. 3. Pulta Waterworks. Pulta Waterworks Survey.”, 
1 juvenile and 45 eliiellate specimens labelled, ” Forest Best House. 
Lachhiwala, Dehra l)«m District. 29. ix-3. x. 35. Dr. S. L. Hora.”. 

Diagnosis . — Octothecal, sperniathecal pores minute and superficial, 
four pairs, on the posterior margins of v-viii, each pore at the centre 
of a transversely elliptical, greyish, translucent area. Male pores minute 
and invaginate, each pore on a tiny tubercle on the median wall near 
the roof of a slight parietal invagination with a longitudinally directed, 
crescentic aperture. Genital markings small, transversely elliptical 
tubercles, two pairs, in the setal circles of xVii and xix. Setae present 
ventrally on the clitellar segments : vi/37-43, vii/38-44, viii/36-43, 
xvii/15-20, xviii/17-21, xix/16-20, 90-104/iii, 106-129/viii, 63-75/xii, 
64-86/xx. First dorsal pore on 12/13. Length 60-140 mm. Diameter 
4-8 mm. 

Septum 8/9 present and muscular. Intestinal caeca simple, small. 
Hearts of x and xi replaced by commissural loops connecting the supra- 
oesophageal and suboesophageal vessels. Testis sacs unpaired ; of x 
ventral, of xi U-shaped ; seminal vesicles included. Lumen in ental 
part of the spermathecal duct large and communicating with the nar- 
rowed lumen of the ectal portion through a pore in a vertical groove 
on the median face of a dorsally directed, shortly conical papilla. Diver- 
ticular stalk shorter than the ovoidal to ellipsoidal seminal chamber. 
Genital marking glands sessile on the parietes. 

Distribution, — ^Lyallpur, Mian Mir, Lahore, Ludhiana, Hoshiarpur, 
Jullundur, Phagwara, Ferozepore, Kalka, Punjab ; Ajmere and Udaipur, 
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Kajputana ; Dehra Dun, Saharanpur, Allahabad, Agra, Lucknow, 
Bindraban, United Provinces ; Kierpur, Pusa, Bihar ; Calcutta, Datta- 
pakur, Khulna, Bongaon, Bhagalpur, Purneah, Dhalla, Netracona 
(Mymensing district), Raniganj (Burdwan district), Rajshahi, Saraghat, 
Comillah and Rangamati (Chittagong district), Bengal; Bombay and 
Baroda, Bombay Presidency ; Gwalior, Central India. Outside of 
India : Burma (widely distributed, but absent from the western hills 
and the Shan Plateau), Andaman Islands, Siam, French Indo-China, 
the Malay Peninsula, Java, Sumatra, Philippines, Celebes, Christmas 
Island, Groot Bastaard, Ternate, New Hebrides, Santa Cruz Is., Am- 
boine, Nias, Flores, Sebesi, Sumba, Nice (? France). (Recorded once 
from the Bahamas but never confirmed. According to Bahl, 1936, 
p. 8, found in Ceylon but no record of this can be found.) 


Pheretima robusta (Perrier). 

1872. Perichaeta rohusUty E. Perrier, N, Arch, Mus, Paris, VIIT, p. 112. (No 
type designation. Types from Mauritius and Manila^ in the Paris 
Museum.) 

1926. Pheretima himalayana, Stephenson, Proc. ZooL Soc. Lovdav, 1926, p. 893. 
(Type locality, Darjiling, India. Type in the British Museum.) 

1934. Pheretima robusta. Gates, Rec, Jnd, Mus, XXXVT, p. 264. 

Diagnosis. — Quadrithecal, spermathecal pores minute and superfi- 
cial, two pairs, on 7/8-8/9. Male pores minute and superficial, each 
on a small, transversely elliptical tubercle surrounded by several con- 
centric furrows. Genital markings small, circular to elliptical tubercles, 
about 1 intersetal interval wide : on xviii presetal and postsetal, slightly 
median to the male pore lines (slightly lateral to the midventral line) ; 
presetal and postsetal on vii-viii, slightly median to the spermathecal 
pore lines ; on the spermathecal porophores, just behind the sperma- 
thecal pores. Setae ; viii/19-31, xvii/24-31, xviii/18-24, xix/23-31, 
34-40/iii, 50-53/viii, 54-59/xii, 63-70/xx. First dorsal pore on 11/12. 
Length, 120-140 mm. Diameter, 5-8 mm. Segments, 106. 

Intestinal caeca simple but with short lobes on the ventral margins. 
Testis sacs unpaired and ventral. Spermathecal diverticulum with 
spheroidal to ellipsoidal seminal chamber usually shorter than the slender 
stalk. Genital marking glands stalked and coelomic. 

Distribution . — Darjiling in the Eastern Himalayas. Outside of 
India : Burma (northern portion of the Shan Plateau only, at Nam- 
kham, Kutkai and Lashio), China (Provinces of Fukien, Szechuan, 
Chekiang, Kiangsu, Kiangsi and Hupei, also Hongkong), Philippines (?), 
Mauritius (?), Madagascar (?), West Indies (1). 


Pheretiina taprobanae (Beddard). 

1892. Perichaeta taprobanae, Beddard, Proc. Zool. Soc. London, 1892, p. 163. 
(Type locality, Ceylon. Types in the Oxford University Museum 
and the British Musenm T). 

1929. Pheretima taprobanae, Aiyer, Rec. Ind. Mus. XXXI, pp. 16 and 72. 

Indian specimens have not been available for study. Material in 
the British Musemn has be$li e;;caniined and tl^e account will be published 
elsewhere, 
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Diagnosis. — Bithecal, spermathecal pores minute and superficial, 
one pair, on the anterior margin of viii. Male pores minute and super- 
ficial, each on an indistinctly demarcated, circular, postsetal poro- 
phore. Genital markings small, circular, presetal, paired, on vi-xi 
and xviii-xxii. Setal circles present on all clitellar segments : viii/34- 
41, xvii/20-25, xviii/14-19, xix/19-25, 70/v, 77/x. First dorsal pore on 
12/13. Length 80-145 mm. Diameter 4-7 mm. Segments 95-122. 

Septum 8/9 present but membranous. Hearts of x and xiii lacking. 
Testis sacs unpaired and annular ; seminal vesicles included. Sperma- 
thecal diverticulum with spheroidal to ovoidal seminal chamber and 
slender muscular stalk that passes into the anterior face of the duct 
at the parietes. Genital markings slight epidermal thickenings without 
internal glands. 

Distribution. — Trivandrum, Travancore. Outside of India has been 
found in Ceylon, Madagascar and Brazil but is quite unknown from 
(or at least unrecognized within) the Pherethna domain. 


APPENDIX TO THE GENUS PIIERETIMA. 

The reference listed below cannot be placed in any of the synony- 
mies. 


1017. rhcrdinia hmmyanu, Siophorison, Quart, J. Mic, Sci, LXIJ, pp. 260 
and 267. (Pharyiijjoal glaiuLs.) 

1918. rheretima ha wayav i, Tbapur, Jitc, I ml, Mi(s, XV, j>p. 69 and 71. (Blood 

jilandn.) 

1919. rhmtiina hawaynmt, H harbadaisis, Bald, Quart. J, Mk. Sci. I^XIV, 

pp. 1011 and iol. (Xb'phridia.) 

1919. Phvrvtima hawayana, Stophonsoii and Ham, Trans. Hoy. Hoc. Edinburgh, 
Lll, pp. 4110, 4,'18 and 439. (ProHtatoa.) 

1919. Pheretirna hnirayana. Stephon.son and Hrashad, Trans. Hoy, Hoc. Edin- 
burgh, Li JI, pp. 457 and 460. (Calciforous glands.) 

1924. Phereiivia havvyana, SlopliouHon, Proc. Hoy. Hoc. London, B. XCVII, 
pp. 179 and 192. (BIockI glands.) 

Stephenson did not distinguish between hawayana and 7 norrisij 
now recognized as specifically distinct, and often gave no clues that 
would enable recognition of his forms. The material involved appa- 
rently has not been preserved. For the present at least, the proper 
disposition of P. hawayana and P. barbadensis of the authors and dates 
just cited is impossible. 

1889. Perichaeta houUcti, Bouine, J. Asiatic Hoc. Jkngal, LVIII, p. 111. 

Figure 5, pi. 3, shows a “ spermatheca seen turned forwards Pre- 
sumably then it is the posterior face of the spermatheca that is drawn. 
Since a stalked gland is shown passing to the posterior face the worm 
hitherto could have been referred to campa^iulata. With the finding, 
as an occasional abnormality (vide p. 204) of posterior glands passing 
to the spermathecal pore invaginations, identification is no longer pos- 
sible unless information with regard to other characteristics is avail- 
able. Since Bourne’s specimens have not been preserved and in the 
absence of the necessary information the reference, at least for the pre* 
sent, cannot be properly placed, 
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1886. Perichaeta burliarenais. Bourne, Proc. Znwl, Soc. London^ 1886, p. 667. 

(Type locality, Burliar, Nilgiris, S. I.) 

1895. PericJuicta biirliarcuaiSy Beddard, Monog. p. 403. 

1900. Phrrpthna biirliannsiSy Miehuelsen. Tierrcichy X, p. 258. 

1909. Phcrctima burliannMfty Micliaclsen, Mem. Ind. Mus. 1, p. 110. 

1910. Phcrctima biirUaranaia^ Micliaclsen, Abh. Nat. Vcr. Hamburg, XIX, (5), 

p. 11. 

192.3. Phcrctima bnrharcnms, Stephenson, Oligochaeta , in F. B. /. (Series, p. 297. 

This species, if a Pheretima, is quite unrecognizable. The only evi- 
dence for recognition as a Pheretima is the presence of the gizzard in x, 
and the presence of intestinal caeca in xxvi. Equally good evidence 
against recognition is the inclusion of segment xvii in the clitcllum and 
the presence of two pairs of groups of enlarged setae on vii and viii. 
The supposed location of the gizzard in x cannot be considered as im- 
portant evidence. In the same paper Bourne incorrectly placed the 
gizzard of his P. shmrti also in x. The location of the gizzard of P. 
lawsoni and P. Imlikalensis is probably also incorrect. 

Perichaeta lawsoni and P. hulikalensis Bourne 1886 are quite un- 
recognizable and the latter, according to Stephenson (1923, p. 290), 
‘‘ may be a Megascolex.'' P. lawsoni has the gizzard in x and intestinal 
caeca in xxvi. Bourne failed to mention the gizzard of hulikalensis 
and evidently had some doubt as to the caeca, “ I believe intestinal 
diverticula are present in the usual position.’^ Both species have a 
clitellum that includes segment xvii. Little is known of the earth- 
worms of the Nilgiris (one species of Megascolex was briefly characterized 
by Bourne but has not been seen since). When the fauna of this region 
has been worked out it may be possible to refer Bourne’s three species 
of Perichaeta more or less definitely to some species of Megascolex, 
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A REVIEW OF THE GENUS LYGOSOMA (SCINCIDAE: REPTILIA) 

AND ITS ALLIES. 

By Malcolm A. Smith, MM.C.S.y F,Z.S. 

{From the Department of Zoology, British Museum {Natural History), 

London.) 

Since Boulenger wrote his Catalogue of Lizards in 1887, no compre- 
hensive attempt has been made to deal with the large group of Scinks 
which he called Lygosorna. The elevation of his Subgenera, or rather 
Sections, to higher rank by later herpetologists has not helped the classi- 
fication of the group, and in some eases has led to greater confusion. 
That some of the Sections, however, all hough they cannot be defined 
in clear generic terms, represent natural groups, has long been recog- 
nised. The combination of cephalic scalation, colour-pattern and form, 
which is to be found, for instance, in Otosaurus and in the well-developed 
species of Lygosorna, is quite distinct from that which obtains in liiopa 
or in Emoia. The well-developed members of each group appear to be a 
natural assemblage of species ; they are capable of being defined as such, 
and are treated here as genera. On the other hand such groups as Siaphos 
and Hemiergis, which are merely assemblages, mainly of degenerate 
species, and not capable of being defined, have been abandoned. Homo- 
lepida casuarinae, the type of Homolepida, and three other species 
usually referred to Lygosorna, arc placed in the genus Tiliqua. The 
status given to Sphenomorphus, Lygosorna {sensu strictu) and Leiolo- 
pisma, will be dealt with under their respective headings. 

The ancestor of the Scinks is not known, and there is no palaeonto- 
logical material to help us, but we may conceive it as a somewhat clumsily 
built, rather long-bodied and short-legged creature. It had a scaly 
lower eyelid, and an ear-opening without denticulations. The body 
was covered with more or less equal-sized scales and there was a full 
complement of head-shields including an occipital. The species of 
Otosaurus, Dasia, Lygosorna and Emoia that we know today, with their 
well-developed limbs, lacertiform bodies and symmetrically arranged 
head-shields, are certainly not primitive, although it may be from them 
that the degenerate ones have been derived. 

In comparison with the tremendous changes that have taken place 
in the body and limbs, it is remarkable how little the head-shields have 
been affected. Many of the degenerate forms of Lygosorna, with their 
attenuated bodies, bud-like extremities, and closed ears, still retain 
all the head-shields that characterize the most highly developed members 
of that genus. These changes, as pointed out long ago by Gunther and 
Boulenger, have no bearing on phylogeny. 

The major structural changes that can occur are as follows : — 

1. Elongation of the body . — Slight elongation of the body has occurred 
in many species, but marked elongation, with the assump- 
tion of a snake-like form, e.g., Lygosorna verreauxi, Riopa 

[ 213 ] B 
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(R.) anchietaef has occurred only in the genera Lygosoma 
and Rio fa. 

2. Reduction in the sizCy and nllimatc diRappearanc(% of the iitnbs . — 

Markcid (ilon^ation of the ])ody is invarialdy accompanied 
by degeneration of th(‘< lindis. In the terminal forms of 
Rhodona they liave disappeari'd entirely. In Lygosoma 
qnadrufcs, in spite of their minute size and the distance which 
separates the antinior from the posterior pair, they are still 
perfectly formed and functionally useful. 

3. Changes in the tall. Elongation and thickening of the tail, parti- 

cularly of the basal part. Tliis change is usual in those 
species which havt‘ inarhtMl (‘longation of the body, but it 
may oc(‘ur in species iii which the body is not markedly 
elongate, c.//.. Lygosoma lesaet’l, L. wonofropis, L. (E.) 
muelleri. (’onijiression of Ihe lail has beem described by 
WeriKT (Lygosoma (IJinaJIa) eomprrssicaada. 1897, Australia) 
and by De Witte. (L. (Siaphos) rompressicauda I9»33=dc 
vittel Lov(‘ridge, Belgian ('ongo). The charaxdcr, in a lesser 
d('gre(», (am Ix^ s(x‘n also in Lygosoma deliralMniy L. alhertisii 
and in several Abb'jdiarids. It is Ix'st marked in the distal 
lialf of the iail, and is ])articularly noticf^able when regenera- 
tion has occurred. 

4. Closure of the ear-opening y and degeneration of the auditory struc- 

tures has occurred in many 8cinks that lead a more or less 
subterranean existence. The change is brought about by 
growth of the scah's which surround the opening. The 
apparent punctiform opening can, by inserting a needle into 
it, be shewn often to be much larger than it appears at first 
sight. When the ear-opening is completely covered over, 
the tympanum and extra-columellar struct urtvs are lost ; 
tlie columella auris remains and is attached by a rod or tube 
of tissue to the skin. Its position is usually indicated exter- 
nally by a depression. 

5. Degeneration of the eye and its coverings has occurred only in 

markedly degenerate 8p('eies that have taken to a fossorial 
life, e.g.. Rhodona anguinoides. 

6. Closure of the palatal notch so that it lies farther back in the mouth. 

All the specit's that I have (examined in which there is great 
elongation of the body shew this change. 

7. Increase in the size of the frontal shield andy in eonsequenccy separa- 

tion and reduction in the size of the prefrontalsy which may 
7 dtimately be united with it. The steps by which this change 
takes place can be studied best in Lygosoma ^ s. s. in its passage 
from Sphenomarphus. 

8. Enlargement of the body scales . — The change has been brought 

about by (1) the union of tw os(^ales, or (2) apparent growth 
of one stmle and suppression of the one adjacent to it. The 
change is best studied on the nei*k or at the base of the tail. 
Enlargement, usually in a transverse direction, of the 
dorsal scales, has taken place in many species. In those 
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which have marked reduction (18 to 22) in the number of 
scale-rows round the body, the scales are of uniform size 
throughout. 

Changes in the head shields. — Fragmentation of the head-shields, 
as it has occurred in the Lacertidae has not taken place in 
the Scincidae. All the evidemu^ that can lie acquired from 
bhe degenerate forms indicates that tlu‘ changes which have 
occiUTed have been in the opposite direction, namely in reduc- 
tion in the number of shields by the union of two or more. 

I have assumed that such shields onc(‘ lost, liave not been 
regained. 

The loss of the supranasals by union with the nasals and 
the union of the fronto-parietals and tlie interparietal into a 
single shield, has occurred again and again in species which 
in all other respects are highly deveIoj)(‘d. 

10. The successive steps by which the transparent “ wmiow ” in the 

lower eyelid has been formed from the scaly lid. is already well 
known. It is best seen in the Leiolopismids, and as far as 
th(' Scincidae are c.oncerned, culminates in Ablepharus, under 
which heading it is also discussed. 

11. Changes tn the digits. — The digital characters of the species, 

particularly of those which affect the hind foot, have received 
but little attention. Like the changes that have occurred 
in the other parts of the body they have no bearing on 
phylogeny, but are of interest from ah ecological point of 
view. Four types of modification can be recognised. 

1. The simplest and least specialised form is shown in figure la 
{Lygosonui imheum), the subdigital lamellae being simply rounded or 
slightly keeled. It is the commonest form and oc(iurs in the majority 
of species of Lygosonui^ in Riopa, and with a few exceptions in all 
degenerate forms. 

2. Figure 16 (Otosaurus mhnikanum). The distinctive feature 
is a prominent ridge upon the lower aspect of tin', toes. It appears to 
have been formed by longitudinal division of the*, keeled lamellae and 
then increased growth of the inner portion ; it is most marked upon the 
third and fourth toes. This type of modification oc^curs also in Lygosoma 
melanopogonj L. (E.) m uelleriy L. {E.) pratti and others. A similar modi- 
fication can be seen in the hind feet of many of the Agamidae and 
Lacertidae. 

3. Figure Ic (Otosaurus anoynulopus). The fourth toe is greatly 
elongated and the subdigital lamellae are very strongly keeled, those 
beneath the articulations being also much larger than the others. In 
anomalopus this type of foot reaches its greatest development ; it can 
be seen also, though to a lesser degree, in Otosaurus granulatuniy 0. sarasi- 
norum, Lygosoma scotophilum, L. sanctum and L. maculMum. 

4. This type is characterized by enlargement of the subdigital 
lamellae upon the basal phalanges of the to(*, and subse([uently, as special- 
ization proceeds, modification in the structure of those lamellae and 
differentiation of them from the lamellae upon the terminal phalanges 
(figure Id Emoia sanfordi, figure le Lygosoma anolis and figure 1/ 

B 2 
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Dasia vittaia). Many of the species which have these enlarged lamellae 
shew also that peculiar brown or black pigmentation upon the plates 
which can be seen in some species of Ground-Gecko {i.c,, Gymnodactylus 
frenatus, Cnernaspis littoralis)^ and which is associated with the prolifera- 
tion of the epithelial cells and appears to be the forerunner of the hair- 
like processes that arc characteristic of the true adhesive digit. In 
Logosoma anolis these hair-like structures have actually appeared. 



Text-fio. 1. — Hind foot of a. Lygoaoma indkum, h.LHoftaunts mimikanum. c.Otomurus 
anomaloj)us, d. Kmoia sanfordi, c. LytjOMnna anoUs. f. Dasia I'ittuta, 


Our knowledge of the habits of the Scinks which have developed 
this type of foot is scanty, but many of them lead a more or less arboreal 
existence, an exception being Emoia atrocoataia which lives on stones 
and rocks by the soa-shore. The modification is no doubt the earliest 
stage in the evolution of the adhesive digital disc which has attained 
so high a degree of development in the Gockonidae, and to a less extent 
in some Iguanids (Anolis), In the Scinks it is not yet sufficiently deve- 
loped to enable them to make proper use of it as an adhesive structure. 
None of them appear to be able to climb a perfectly smooth surface 
as can most of the Geckoes and many of the Anoles, 
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Loss of tlie first finger has occurred in a large group of Lciolopismids 
(Section III). There are no species shewing the gradual disappearance 
of the digit ; either it is there fully developed, or it has been lost, 
although dissection will usually show a vestige of the metacarpal 
remaining. 

As already stated the purpose of this paper is to show generic relation- 
ships and to endeavour to trace the degenerate forms in each group as 
far as possible. In consequence the validity of species, except in a few 
instances, has not been questioned. The key characters under which 
the lists are arranged arc intended primarily to indicate lines of descent 
rather than means of identification. Terms whicli ap])ly to length of 
body and limb, size of ear, etc., can be approximate only, and may vary 
with the individual or in accordance witli age. 

Under Otosaurus, Dasia, Emoia, Riopa and Rliodona are listed all 
the species which appear to be valid for those genera. Those marked 
with an asterisk liave not been seen by me. The species of Lygosoma 
are too numerous to be dealt with the same way, and only those in the 
British Museum collection have been mentioned. 






Text- FIG. 2. — Upper (a) and side view (b) of head of Otosaurus concinnatum (B. M. 

1932, 12.14.32-33). 

The original manuscript of this article was destroyed by fire on the 
train in India. The carbon copy retained in London did not include 
all the final changes and these have been added from memory. It is 
hoped that the article as now. presented is in the same form as the original 
one. 
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Genus Otosaunu Gray. 

Ototaurua Gray., Cat. Liz. Brit. Mils., I, 1845, p. 93 (type cumingi). 

Parotosaurue Boulengcr, Trane. Zool. Soc. Lirndon^ XX, 1914, p. 267 (type 
annectena). 

Supranasals present ; fronto-parietals and interparietal distinct ; 
ear-opening usually very large, without auricular lobules, tympanum 
not deeply sunk ; lower eyelid scaly ; limbs well developed, pentadac- 
tyle. 

Range . — Malaysia to N(*w Guinea ; Celebes and the Philippines. 

The separation of Otosaunis from Lygosoma rests entirely upon the 
presence or absence of supranasal shields. The distinction is slim, but 
it is a convenient means of separating from the main body of Lygosmm 
a group of species which have a number of characters in common and 
which are undoubtedly derived from the same stock. They arc closely 
related to the melanopogon-macuhtlutn group which, in the absence of 
supranasals, are ])laced under Lygoxoma. !n 0. concinnatum the supra- 
nasals may be present or absent. 

I. Supranasals large, in contact with one another : () or 7 supraoculars. 


cumingi Gray 

Philippines 

celcbense Mull. 

Celebes 

Supranasals small, widely separated from 

one another. 

A, G or 7 supraoculars. 

sarasinorum Plgr. 

Celebes 

annevtem Blgr. 

New Guinea 

B. 6 or G supraoculars. 

granulatum Blgr, 

New (jiuinea 

7ngrllahrc (tiinth. 

(:;(>iei)C3 

simwn Sauvage 

New Guinea 

ainhlyplmodcs Vogt 

New Guinea 

tropidofiolus Blgr. 

Celebes 

variegatuw Peters 

East Indies 

ki7iabalu€7ise Bartlett 

Borneo 

Uanosi Taylor 

Philippines 

mimikanu7n Blgr, 

New Guinea 

C. 4 (5) supraoculars. 

jobiense Meyer 

Papuasia 

coTwinnatutn Blgr.^ 

Solomon Is. 

curtirostris Taylor 

Philippines 

7nurudensis M. A. Smith 

Borneo 

afwmalopus Blgr.^ 

Sumatra ; ? Penang 


^ SupranasaUi present or absent. 

* Originally deeoribed from Penang, the species has not since been obtained in the 
Malay Peninsula. 
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(lenus Lygosoma Hardw. & Gray. 

(Section Sphenomorphus,) 

Sphenomorphiis Fitzinger, 8yst. Rept.f 1843, p. 23 (type melanopogon Dum. 
& Bib.). 

Eulamprua Fitzinger, Lc.s., p. 22 (type Lquoyi), 

Hinulia Gray., Gat. Liz. Brit. Mua.^ 1845, p. 22 (type Lyy. quoyi Dum. & Bib.). 

Lissonota (not of Gravcnh. 1829), Blylh, Journ. Asiat. Soc, Bengal^ XXII, 
1853, p. 653 (type maculata). 

(Section Lygosoma.) 

Lygoaotna Hardw. & Gray, 7joo 1. Journ., Ill, 1827, p. 228 (type serpena^ 
quadrupea). 

Siaphos Gray, in Oriff. Anirn. King., IX, 1831, Syn. p. 72 (typo aequalis), 

Peromelts Wirgmann, Herp. Mex., 1834, p. 11 (subat. name for Siaphos, same 
type). 

Anotnalopvs Duineril, Cat. Meth. BcqH., 1851, p. 185 (typo verrea^uxi). 

Coloscincna Peters, Mon. Akad. Berlin, 1876, p. 532 (type truncatus). 

I am unable to find any cluiracter by whicli to separate generically 
the well-developed forms of Lygosoma, usually called Sphenomoi'phuSf 
from the degenerate ones callo(l Lygosoma, sensu siriclu. Between the 
extremes in each Section the difference is enormous, but the gap can be 
bridged by connecting forms showing every stage of development. As 
arranged here they form a descending s(‘ries in d(igeneration, and the 
two Sections are introduced merely to facilitate* description and recogni- 
tion. The lestteuri-sfrauchi, and the monolropis-fasciolaium groups, are 
divergents from the main line of descent, which continues on from 
stellatum through undulatum. Section Leiolopisma is dealt with 
separately, 

7?aw37e.— Tlu; Western Pacific Islands, Australasia, Papuasia, the 
Oriental Kegioii, Africa, N. Am(*rica. 

(S(‘c tion Sphc7io7Horphus.) 

Supranasals absent ; eyelids well d(*veloped, the lower scaly ; pre- 
frontals, front o-parietals and interparietal distinct ; limbs more or less 
well developed, pentad actylc. ; ear-opening present or absent ; frontal 
not broader than the supraocular region. 

I. The length of the leg cxc(*eds the distance between the arm and 
the tip of the snout. 

A. Ear-opening without lobules, 
a. Normally 5-7 supraoculars. 

melanopogon Dum. & Bib. 
scotophilum Blgr. 
aignanum Blgr. 
lousiadense Blgr. 
striolatum Weber 
7naindroni Sauvage 
florense Weber 
dussumieri Gray 
maculaium Blyth 
sanctum Dum. & Bib. 
acutum Peters 


Papuasia 
Malaysia 
New Guinea 
Louisiade Archipelago 
Flores Islands 
New Guinea 
Flores-Timor Islands 
Southern India 
Indo-China 
Malaysia 
Philippines 
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6. 4 siipraoculars. 

jagori Peters 
ter sum M . A. Smitli 
indicum ( Jray 
ffesigne Blgr. 
quoyi Dum. & Bib. 
tenue Gray 
stcllatum Blgr. 


Philippines 

Siam 

Indo-China 
Malay Peninsula 
Australia 
Eastern Australia 
Malay Peninsula ; 
Annam 


B. Ear-opening with very distinet lobules anteriorly ; nasals large, 
in contact witli or just separated from one another ; tail 
long and thick at the i)ase. Dorsal scales larger than laterals ; 
4, sometimes 5, su[)raoculars. 

lesuenri Dum. k Bib. Western Australia 

dorsalc Blgr. New Guinea 

leac Blgr. (kmtral Australia 

lamiolalnm Shaw Australia 

hthlUardiri Gray Western Australii^ 

Jischcri Blgr. Australia 

(Krlllferum Blgr. W(\stern Australia 

siraucki Blgr. Queensland 


II. .The length of tin*, leg equals the distance bctw(‘en the arm and the 
tip of snout. 

A. Dorsal scab's obtusely keeled, forming continuous lines. 
monotropis Blgr. Australia 

richirdsoni (hay Western Australia 

fasciolatinn Giintli. Australia 


B. Dorsal scales smooth or nearly so. 

muhdatum Ptrs. & Doria 
rufiim Blgr. 
minuium Meyer 
nigrolinealum Blgr. 
pallidum Giinth. 
isolepis Blgr. 
pardalis Macleay 

ornatum Gray 
tmlayanum Doria 
emigtans Lidth de J. 
modigliani Blgr. 
shelfordi Blgr. 
cameronicus M. A, Smith 
iaprobanense Kelaart 
struUopunctatum Ahl. 
faUax Peters 
decipiens Blgr. 
dej^nchi Bavay 


Papuasia 
Aru Islands 
New Guinea 
>? 

Western Australia 
Australia 

New Guinea ; North- 
ern Australia 
New Zealand 
Malaysia 

Sumba — New Guinea 
Mentawei Islands 
Borneo 

Malay Peninsula 
Ceylon 

Philippines 
New Caledonia 
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III. The length of leg is less than distance between atm and the tip of 

the snout. 


A. Ear-opening very distinct. 


temmimH Dum, & Bib. 

Si imatra — Celebes 

alfredi Blgr. 

North Borneo 

antoniorum M. A. Smith 

Timor 

forbesi Blgr. 

New Guinea 

courcyanum Annand. 

Assam 

helenae Cochran 

Siam 

textum Miill. 

Celebes 

brevipes Bttgr. 


steeri Stejueger 

Philippines 

airUjularis Stejnoger 


bipariefalis Taylor 

?> 

viymliserium Sj ostedt 

Fernando Po 

ansi rale (iray 

Western Australia 

B. Ear-opening punctiform or covered with scales. 

luronense Blgr. 

Philippines 

scutirostrum Peters 

Eastern Australia 

cophias Blgr. 

Malay Peninsula 

(Section Lygosoim.) 


IV. Body elongate, the distance between the tip of the snout and the 

arm being from 2 to 4 times in the distance between the axilla 

and groin. Limbs short or vestigial. 

Frontal usually broader 

than the supraocular region. 


A. Digits 5-5 ; ear-opening small or punctiform. 

pumilum Blgr. 

North Queensland 

punclulatmn Peters 

Queensland 

mjoberyi Lonnb. 

North Queensland 

graueri Sternfeld 

East Africa 

quadrupes Linn. 

Indo-China ; Malaya 

B. Digits reduced in number; ear punctiform or covered with 

scales. 


aloysi-sabaudae Peracca 

East Africa 

meleagris Blgr. 

Tanganyika Territory 

claihrotis Blgr. 

Kenya 

aequale Gray 

Western Australia 

miodactylum Blgr. 

Malay Peninsula 

sumatrense Blgr. 

Sumatra 

reticidatum Giinth. 

New South Wales 

lanUeme Blgr. 

Malay Peninsula 

verreauxi Dum. 

Eastern Australia 

truncatum Peters 

Queensland 
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Lygosoma (Ictiscincus). 

Elania (not of Sundevall) Gray, Cat. Liz. Brit. Mus., 1846, p. 80 (typo Scincus 
muelleri Schleg.). 

Ictiscincus^ nom. nov. for Elania preocc. 




Trxt-fki. 'IVcth of Ijijijosoma {1 disc incus) mudleri. h/IwXh Lytjosonia indicum. 

c-d. UpptT and hide vicus of licud of LytjostuH/a {Ictiscincus) mvdUri (15. M. 1913, 
10.10.173). 


Teotli fiing-likc in iho larger .species. Frontal broader than the 
supraocular region, in contact with the enlarged first supraciliary. Body 
stout, somewhat elongate, limbs short, pentadactyle, tail thick. Ear- 
opening moderate, tympanum sunk. 

Connects with Lygostyma througli the rujum-umluhtum group. With 
the exception of crassicatida and woodfordi, a group of closely related 
species. 

muelleri Schleg. New Guinea 

pratli Blgr. „ 

woolastoni Blgr. „ 

loriae Blgr. ,, 

oligolepis Blgr. „ 

solomonis Blgr. New Guinea ; Solomon 

Islands 

crassicauda Dum. Papuasia ; Queensland 

wooifordi Blgr. Solomon Islands 


^ Idis^n weaaeL 
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(Section Leiolopisvia.) 

Tridaclylus (not of Latreille 1802) Cuvier, Hegne Anim,, 1829, p. 64 (type 
de.cre%%m8%8). 

Tetradaciylus (not of Merrcm 1820) Cuvier, 1. c. p. 64 (type decresiensis). 
Permielis Wagler, Nat. SysL Amphib.t 1830, p. 160 (Hubstitute name for Tetra- 
ductylus Cuvier). 

Hemiergis Wagler, /. c. p. 160 (substitute name for Tridaclylus Cuvier) ; 

Boulenger, Cat. Liz. Brit. Mas., Ill, 1887, p. 223. 

Ltiolopisma Dum. & Bib., Erp. Gen., V, 1839, p. 742 (typo Scincus telfairii). 
Chelomeles Duni. & Bib., 1. c. s., p. 774 (typo C. quadrilineatua). 

Heteropus (not of Bcauvois 1805) Dum. & Bib., 1. c. s., p. 742 (type Lygosorna 
fuscum). 

Laynpropholis Fitzinger, Syai. HepL, 1843, p. 22 (type Lyg. guichenoti). 
Eulepis Fitzingcr, 1. c. a., p. 22 (type Lyg. duperreyi- =trilinealum). 

Lipinia Gray, Cat. Liz., Bril. Mus., 1845, p. 84 (type L. pulchella). 

Mocoa Gray, /. c. s., p. 80 (typo guichenoti). 

Oligosonia Girard, Proc. Acad. Philad., 1857, p. 196 (type Mocoa zeyJandica= 
moco). 

Hombronia Girard, /. c. s., p. 196 (type fasciolaris). 

Lygosomella Girard, 1. c. s., p. 196 (type aesiuosa). 

Cyclodma Girard, /. c. a., p. 195 (type aenea). 

Cophoscincus iVtcrs, Mmi. A lead. Berlin, 1867, p. J9 (typo quadriviltata). 
Anotis Bavay, Mern. Boc. Linn., Normandie, TV, 1869 (5), p. 29 (typo inarei), 
Nannodcinrus Gimthcr, Ann. Mag. Nat. Hist., (4) X, 1872, p. 421 (typo N, 

fuscus—marci). 

Lioscincits Bo(;age, Journ. Acad. Bei. Lisbon, XV, 1873, p. 328 (typo atein- 
dachneri —tricolor). 

Tropidoacinevs Bocage, 1. c. s., p. 230 (type aubrianua), 

Sauroscincus Beters, Bitz. Qea. Nat. Fr. Berlin, 1879, p. 149 (typo hraconnieri 
: var labile.). 

Lygisaurus dci Vis, Proc. Itoy. Boc. Queensland, I, 1884, p. 77 (typo foliorum 
— mundus). 

Myophila do Vis, 1. c. a., p. 77 (typo vivax— ? blackmanni). 

Under Leiolopisma are included a number of species that cannot 
clearly be assigned to any genus. All agree in having an undivided, 
more or less transparent disc in the lower eyelid, a character that from 
a generic point of view is wortldess, as it is in Mahuya, Riopa, Scelotesy 
Sepsim and others. The successive steps in the transformation of the 
scaly lid into one liaving a disc can b('. tj’ac(*d in numerous species. 
Usually there is no difficulty in deciding which character is present, but 
in some species, c.//., L. ormdimi, L. rcercsi, both conditions can be found. 

The majority of the Leiolopismids have no doubt been derived from 
Lygosmna by the simple change in the eyelid, others from Emoia by 
loss of the supranasal shield through fusion with the nasal. The arrange- 
ment in the present list is based partly upon easily determined characters, 
partly upon geographical distribution. 

I, Fronto-parietals paired (except in novae-guincae) ; interparietal large, 
A. Subdigital lamellae not transversely enlarged. 

a. Limbs well developed, pentadactyle ; ear-opening large 
or moderate. 

grande Gray New Zealand Archipelago 

lineo-ocellaturn Dum. ,, 

siUeri Blgr. „ 

aeneum Girard „ 

smithi Gray „ 

hmnalonotum Blgr. „ 

moco Dum. & Bib. ,, 

dendyi Blgr. ,, 
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entrecasteauxi Dum. & Bib. 

Australia ; Tasmania 

mustelinum O’Shaughn.^ 


lichenigeriim O’Shaughn. 

New South Wales 

infrapunctalum Blgr. 

Western Australia 

challengeri Blgr. 

Queensland 

nigrofasciolatuin Peters 

New Caledonia 

nototaenia Blgr. 

New Guinea 

noctua Less. 

»> 

himalayana Guntb. 

Himalayas 

ladacense Giinth. 

if 

sikkimense Blyth 

It 

doriae Blgr. 

Burma 

hilineatum Gray 

Southern India 

laterimaculal um 131gr. 

. , 

vifiigcrum Blgr. 

Jndo-China ; Malaya 

reeves i Gray 

('hina ; Indo-China 

unicolor ffarlan 

IJ. S. A. 

rupicolti M. A. Smith 

Siam 

tclfairi Desjard 

Mauritius 

Body elongate, limbs short, not meeting wlum adpressed > 

digits 5-5 or reduced in number ; ear punctiform or 
cov(‘red with scales. 

peroni Fitz. 

Australia 

miecoyi Liu;, k Frost 

Kasteru Australia 

ivoodtvardi Lu(\ & Frost 

Western Australia 

(puidrilincAilum Dum. & Bib. 

>) 

dccresiensc Fitz. 

Australia 

scharjji Blgr. 

Queensland 

graeik Bavay 

New Caledonia 

Via via c Bavay 

it 


B. Lamellae beneath the basal phalanges transversely enlarged 

and differentiated from those on the terminal phalanges 
(excej)t in jnilchelhim). 

a. Snout subacuminate ; prefrontals separated from one 

another ; tail ? prehensile. 
clegans Blgr. New Guinea 

semoni Oudeman „ 

flavipes Parker „ 

parkeri M. A. Smith ,, 

b. Snout acuminate ; prefrontals in broad contact with 

one another. 

anolis Blgr.® Solomon Islands 

longiceps Blgr. New Guinea 

pulchellum Gray Philippines 


^ Lygosoma {Leiolopxsma) pseudotrapis Werner 11K)3 (typo in Natural History Museum, 
Brussels), is identical with this species. 

* Lygosoma virenjs (Peters) from Papua with 34-36 scales round the body and 13-14 
lamellae beneath the 4th too. is a race ox L, aaelis which has 36-40 scales round the body 
and 15-17 lamellae beneath the toe. 




1937.] Malcolm A. Smith : Review of the Gems Lygosoma. 


226 


II. Fronto-parietals united ; interparietal usually large ; limbs penta- 
dactyle, usually well developed. 


A. Ear-opening present. 

ocelJata Gray 
jyretiosum O’Shauglin. 
trilineatum Gray 

guichenoti Gray 
metallicum O’Shaughn. 
delicatum Werner 
variable Bavay 
steindachneri Bocage 
tricolor Bavay 
curyotis Werner^ 
novae-calcdoniae Parker 
mist ro-ca led on icum Bavay 
stanleymmm Blgr. 
miotis Blgr. 
morokanuni Parker 
fulchrum Blgr. 
travancoriewm Bedd. 
jpalnicum Boettg. 


Tasmania 

>> 

Australia ; Tasmania ; 

W. Pacific Islands 
Australia 
W. Pacific Islands 
(iuccnsland 
New Caledonia 


New Guinea 


> > 

Southern India 
>> 


B. Ear closed. 


initiale Werner 
relicXum Vincig. 
infralineolatum Gtinth. 
quadriviitatum Peters 
surdum Blgr. 


Western Australia 
Sumatra 

Celebes ; Philippines 
Celebes ; Borneo 
Malaya 


III. Frontoparietals united ; interparietal small or absent ; limbs usually 
well developed ; 4 fingers and 5 toes. 


nigrigulare Blgr. 
fuscum Duni. & Bib. 
hecarrii Peters & Doria 
bicarinala Macleay 
pectorale de Vis 
blaeJcmanni de Vis 
mundum de Vis 
devisii Blgr. 
mundivense Browne 
tetradactylum O’Shaughn. 
rhomboidule Peters 
maccooeyi Bam. & Ogilby 
curtum Blgr. 
novae-guinae Meyer 
spinauris M. A. Smith 


New Guinea 
Papuasia 
Kei Islands 
New Guinea 
Queensland 


It 

Eastern Australia 
Queensland 
New South Wales 
New Guinea 

it 

Timor 


^ Poabtfally distinct from tricolor. 
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Genus Dasia Gray. 


Ihufia (ilray, Ann, Mag. Sat. Hist., II, IHS9, p. S,‘U (typo oliracea). 

IjUmpmUipis Kitziiigcr, Syst. Repi., IHiS, p. 22 (type Scincus swaragdinvs 
JjOSHon). 

JAolropis Fitzinj'or, /. c. .v., p. 22 (t>p<- Euprvpcs tmcsli- olivarm). 

Kcnmxia Gray, Cat. Liz. Brit. Mv.s., 1845, p. 79 (type .smara<j(finus). 

AplcrygocUm Eilerling, Sat. Tijd. Med. Ind., XX VI, 18&^, p. 483 (typo rittata). 

Thtconyx (not of Gray 1845) Annanclalo, Spot. Zeyl., 11 T, 1906, p. 191 (typo 
halianus). 

Supranasals present (except in smaragdina in wliich they arc united 
anteriorly, or complett^ly, witli the nasal) ; prefrontals, frontoparietals 
and interparietal distinct ; lower ey(‘lid scaly ; car-opening small, 
tympanum sunk. 

Limbs well developt‘(l, pentadactyle, the lamellae below the basal 
phalanges of the dij^its more or less expanded and differentiated from 
thos(i below the Luminal f)ha.langes 1/). 

Range. From Sonth(‘rn India to the Western Pacific Islands. 

As far as is known all the species are arboreal and siibarboreal in 
their habits. 


srtta ragdi tut I it ‘ss< > r i 

dahlii VVenan* 
olivacea Gray 

subeoet'ulea Bl^r. 
vitfata Edcrliii^ 
nieuwenhuisi Lull h do J. 
vyneri Shelford 
grisea Gray 
halianu llaly k Nev. 


l^ast Indies to W. 
Pacific Is. 

Ibsmarck Archipelago 
Jndo-Cniina ; Malaysia ; 

Philippines 
South India 
Borneo 


Malaysia ; Philippines 
(Ceylon 


Genus Emoia Gray. 

Knserm/t (not of (formar 1817) Fit^ingiT, By.^t. Rt^pf., 1813, p. 22 (type lessoni— 
cyan lira). 

Emoia Gray, Cat. Liz. Brit. Mas., 1845, p. 95 (type Beinru.K atroro.status Lesson). 

Supranasals present, narrow, always separated from one another > 
lower eyelid witli an undivided transparent dis<- ; froiito-parietals united i 
interparietal small or absent ; ear opening never large, tympanum sunk. 
Limbs well developed, pentadactyle, digits long, tlie lamellae beneath 
the basal phalanges usurdly enlarged and differentiated from those on 
the terminal phalanges. 

Range.- From Borneo and the Philippines to the AVestern Pacific 
Islands and North Australia. 


I. Interparietal normally present. 

nigra Hombr. & Jac(|. 

ad.spersa Steindach . 
jMtrietale Peters' 
sjteiseri Koux 


Papiiasia ; AV. Pacific 
Is. 

Fiji and Samoan Is. 
Borneo ; Christmas I. 
New Hebrides 


^ Jjygosoma sinus M. A. 8mith is a race of this speoirs. 
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atrocoslata Lesson 

Inittersbyi Procter 
sanfordi Schmidt Burt 
cyanogadcr Lesson 

samoensis Dum. 
sorex Boettger 
ruficauda Taylor 
II. No interparietal. 

cyanura Lesson 

werneri Vogt 
Mossi Blgr. 
tropidolejns Blgr. 
havdinii Dum. & Bib. 
iridescens Blgr. 
kulcpvfhali Boettger 
mimrti Blgr. 
tetrataenia Blgr. 


Malaysia ; Papuasia ; 

W. Pacific Is. 

New (luiuea 
W. Pacific Is. 
J’apuasia ; W. Pacific 
Is. ; Queensland 
W. Pacific Is. 
Helmaheira I. 
Philippines. 

Papuasia ; W. Pacific 
Is. 


New Guinea 

Papuasia ; Celebes 

Halmalieira T. 

W. Pacific Is. 


Species not seen by me. 

acrocarimta Kopstein New Guinea 

ahli Vogt ,, 

buergersi Vogt „ 

callisticta Peters ,, 

cunieceps de Vis „ 

pallidiceps de Vis ,, 

jakati Kopstein Solomon Is. 

Jlavigularis Schmidt ,, 

mehelyi Werner ,, 

murphy i Burt „ 

whiteneyi Burt ,, 

similis Dunn Flores 


Genus Riopa Gray. 

Riopa. Gray, Ann. Mag. Nat. Hint.., IT, 1839, p. 332 (typo Lyg. punctata). 
Campsodactylus Dumcril, C. R. Acad. Sci., TV, 1837, p. 16 (type lamarrei^ 
vosmaeri). 

Chiamda Gray, Ann. Mag. Nat. Hid., 1839, p. 332 (type (J. lineatus). 

JJagria Gray, 1. c. s., p. 333 (typo Srincus vosmaeri). 

Lxosoma (not of Brandt 1834) P'itzinger, Hyst. Rept., 1843, p. 22 (type Hum fees 
microhpia Dum. & Bib.). 

Sphenosoma (not of Dejean 1834) Fitzinger, /. c. s., p. 23 (type Eumeces 
tu8 \Viegmann). 

Eugongylus Fitzinger, 1. c. s., p. 23 (type Eumejces oppelii-rufeacens). 

Mochlua Giinthcr, Proc. Zool. Sor. London 1864, p. 308 (type punciulaUi). 
Panaapia Cope, Proc. Acad. Philad., 1868, p. 317 (type aeneita-' caLindae). 
Eutnecia Bocage, Journ. Acad. Set. Liahon ITT, 1870, p. 67 (type anchietae). 

The genus, as now tentatively reconstructed, consists of four groups 
or subgenera, each one containing a number of species closely relat^ 
to each other, but not clearly related to the species in the other groups. 
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Riopa (Riopa). 


Supranasals present, sometimes united anteriorly with the nasals ; 
frontal broader than the supraocular region, broadly truncate anteriorly ; 
prefroiitals usually small and widely separated ; lower eyelid scaly or 
with a disc ; ear-opening distinct ; tympanum sunk ; body stout, more 
or less elongate ; limbs short. 

Range . — The Oriental Region ; Africa. 

The depressed, cuneiform snout, which characterizes the African 
.swrw/eval/i-motot'Jm group and culminates in vmciguerra is foreshadowed 
in the Oriental herberti, boumngi, jmnclnta and koratense. The resem- 
blance of R. guincense from W. Africa to R. herberti from Siam is remark- 
able. When a good series of each is examined it is possible to separate 
the African form from the Siames** in having a slightly longer body and 
a few more scales, counted in longitudinal series, down the back. But 
individuals can \hi found which, if the locality of origin were not known, 
it would be difficult to give a name to. Such a case is probably explained 
by great consistency within the genus rather than by parallel evolution. 


I. Supranasals large, m contact with one another. 
A. Lower eyelid scaly. 


a. Supranasals entire, or 

fernandi Burton 
nuicquardi Chaban. 
bampfyldei Bartlett 
opisthorhoiium Werner* 
corpuleutnm M. A. Smith 
koratense M. A. Smith 
alba piinctat urn Gray 
bowringi Giiiither 

herberti M. A, Smith 
guhieense Peters 
sundevalli A. Smith 
m (Kicst um G ii n ther 


anteriorly with the nasals. 

West Africa 

Central Africa 

Malaya 

Sumatra 

Annam 

Siam 

India 

Indo-China ; Philip- 
pines 

Peninsular Siam 
West Africa 
Africa 
East Africa 


6. Supranasals completely united with the nasals. 


vinciguerra Parker 
B. Lower eyelid with a disc. 
gueniheri Peters 
punctata Ginclin 
lineolata Stol. 
anguina Theobald 
lineata Gray 
vosmaeri Gray 
mabuiformis Loveridge 
tanae Loveridge 


Somaliland 

India 

Burma 

Bombay District 
Bengal 

Kenya Colony 


II. Supranasals separated from one another ; lower eyelid scaly. 

producta Blgr.* Somaliland 

isodactyla Giinther Siam 
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Riopa (Eugongylus). 

Supranasals present ; frontal not broader than the supraocular region ; 
lower eyelid scaly. 

Range. — Papuasia ; Western Pacific Islands ; Northern Australia. 

I. Supranasals in contact with one another. 

garnieri Bavay 

II. Supranasals separated from one another. 

albofasciolata Gunther 

microUpis Dum. & Bib.* 

Tufescens Shaw 

mentovaria Boettg.* 
sulaense Kopstein* 

Riopa (Panaspis). 

Supranasals small, widely separated from one another, or absent 
(united with the nasals) ; frontal narrower than the supraocular region ; 
prefrontals, fronto-parietals and interparietal distinct ; lower eyelid 
with a disc ; limbs short, pcntadactyle. 

Range. — West Africa. 

Parker has shown elsewhere {Nov. Zool. 1936, p. 139) that the species 
of tlie breviceps-kitsoni group are closely related to reichenovei and 
africanum, species which have lost the supranasal and are usually placed 
under Leiolopisma. This view is strengthened by the discovery that 
in some examples of breviceps (B. M. 1903. 11. 12. 10-14) union of the 
supranasal with the nasal has actually occurred. Ablepharus cabindae 
is placed in this group, with which, in cephalic scalation, it agrees. The 
disc of the lower eyelid in this species is very large but closure has not 
taken place. The palpebral fissure is still visible externally, the upper 
and lower eyelids being united only at the commissures. 

I. Supranasals present, sometimes united with the nasals. 

A. Disc of lower eyelid moderately large. 

breviceps Peters French Congo 

togoense Werner Ashanti 

kitsoni Blgr, Gold Coast 

B. Disc of lower eyelid very large. 

cabindae Bocage Angola 

II. Supranasals always united with the nasal ; disc of lower eyelid 
very large. 

reichenovei Peters Cameroons 

africanum Gray Gulf of Guinea 

Riopa (Eumecia). 

Supranasals present or united with the nasal, in contact with one 
another ; prefrontals very large ; frontal long and narrow ; fronto- 
parietals and interparietal distinct ; lower eyelid with an undivided 
opaque disc. Body very elongate ; limbs vestigial. 


New Caledonia 

Solomon Islands ; 

Northern Australia 
Friendly Islands 
Papuasia ; Northern 
Australia 
Halmaheira 
Sula Islands 


o 
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Range. — ^East Africa. 

anchietae Bocage British East Africa 

johnstoni Blgr. Nyasaland 

Genus Rhodona Gray. 

Rhodona Gray, Ann. Mag. Nat. Hist., 1839, p. 336 punctata— lineopunc- 

tulata Dum. & Bib.). 

Soridia Gray, 1. c. p. 335 (typo lineata). 

Praepeditua Dum. & Bib., Erp. Oen. V, 1839, p. 787 (subst. name for Soridia). 

Brachyatopua Dum. & Bib., 1. c. a., p. 778 (type lineopunctulattia). 

Ronia Gray, in Grey’s Trav. Austral. II, 1842, p. 437 (type catmulaJta—lineo- 
punctuhJta Dum. k Bib.). 

Leptoaoim, (not of Nardo 1826) Fitzingcr, Syst. Bept. 1843, p. 23 (type bougain- 
villii). 

Pholeophilua Smith, HI. S. Africa. 1849, p. 15 Append., (typo capenaia— lineata). 

Ophioacincua Peters, Mon. Akad. Berlin. 1873, p. 747 (typo auatralia). 

laopachya Lonub., Kungl. Sv. Vd. Akad. Handl. LV, 1916, 4 p. 10 (type gylden^ 
atolpei). 

Typhloaeps Angel, Bull. Mua. Hist. Nat. Paris. 1920, p. 4 (typo roulci). 

Snout more or less depressed and cunieform in shape, with projecting 
rostral ; nasals and frontonasal very large ; frontal broader than the 
supraocular region ; prcfrontals small and widely separated or absent. 
Ear-opening punctiform or absent. Lower eyelid with an undivided 
disc, except in fmmila and anguinoides. Limbs very short, or vestigial 
or absent. 

Range. — Auatralia ; Siam. This apparently unusual distribution is 
paralleled by that of the agamid genus Phgsignathus. 

A group of degenerate species derived perhaps from some Riopa- 
like stock. The African Riopa vinciguerra although possessing Rhodona- 
like characters is too obviously related to the Riopa modesta group to 
be included here. Rhodona anguinoides, Rh. roulei and Rh. ophioscincus 
which I originally placed under Ophioscincus (FaunO' Brit. Ind. II, p. 
333) are too intimately linked with other species of Rhodona to be 


separated from them, 

1. Frontoparietals and interparietal distinct. 

A. Limbs pentadactylc. 

microtis Gray 

Australia 

pumila Blgr. 

Queensland 

bougainvilUi Gray 

Southern Australia 

B. Digits reduced in number. 

frosti Zeitz. 

Australia 

terdigitaturn Parker 

Australian Bight 

walkeri Blgr. 

Australia 

gerrardi Gray 

»> 

punctatovittata Gunther 

Australia ; Tasmania 

fragile Giinther 


planiventralis Luc. & Frost* 

Western Australia 

macropisihopus Werner* 

Queensland 

picturata Fry* 

Western Australia 

nichollsi Loveridge* 

>> 

C. No anterior limbs ; posterior vestigial. 

wilkinsi Parker 

Queensland 
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D. Neither anterior nor posterior limbs. 

anguinoides Blgr. Siam. 

roulei Angel ,, 

australe Peters Queensland 

II. Frontoparietals and interparietal united ; no anterior limbs ; post- 
erior vestigial. 

A. Prefrontals present. 

lineopunctuldta Dum. & Bib. Western Australia 

B. No prefrontals. 

bipes Fischer Western Australia 

miopus Gunther , . 

linenta Gray 

Genus Ateuchosaurus Gray. 

Ateuchoaaurua Gray, Cat, Liz. Brit. Mua. 1845, p. 107 (typo cMnenaia). 
Lygoaaurus Hallowcll, Proc. Acad. Philad.y I860, p. 496 (typo pellopleurua) ; 
Stcjnegor llerp. Japan 1907, p. 221. 

Agrees with Lygosoma but no proper parietal shields, and the frontal 
very long and constricted, or divided, in the middle. 

Range. — Tongking ; Soutli China and the Riu Kiu Islands. 

chinensis Gray Southern China ; 

Tongking 

pellopleurus Hallowell Riu Kiu Islands 

Genus Cophoscincopus Mertens. 

Cophoacincua (not of Fetors 1867) ; Vaillant, Bull. Soc. Philom. (7) VIII, 1884, 
p. 170 (typo C. aimvlana- Tiliqua dura Cope). 

Cophoacincopua Mortens, Zool. Stuttgart, XXXIT, 1934, p. 190. 

Ear-opening present, but covered, or almost entirely, with scales ; 
dorsal and lateral scales strongly keeled, those on the flanks arranged 
obliquely. 

In general appearance, except for the character of the ear, like Tropi- 
dophorus. 

A single species in West Africa. 



Text-fig. 4. — Side view of head of Abhpharua apeinccri. 


Genus Abl^harus Fitzinger. 

I have recently advanced the view {Fauna Brit. India, II, 1935, 
p. 309) that Ablepharus is a genus of polyphyletic origin. It has been 
formed, not by the diversification of a single species, but by the indepen- 
dent evolution of a particular character, namely the covering of the eye 
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by the growth of the lower eyelid with its accompanying transparent 
disc, and the ultimate union of that lid with the upper, in a number of 
species in different parts of the world. The union of the two lids, 
however, is not so complete as is usually believed. A close examina- 
tion of those structures will show that in several species, A. boulengeri, 
A. egeriae, A. Inmietti, A, patinonicus, A. tenuis, the palpebral fissure 
still persists, but being small and hidden beneath the supercilium, or 
the v(\stige of the upper lid, has escaped observation. 

A still (uirlicr stage in the process of closure of the eye can be seen 
in th(‘ Australian A. spenceri, (fig. 4) a species in which the palpebral 
fissure is still visible externally, the union of the two lids having taken 
place only at the inner and outer commissures. A. spenceri was origin- 
ally described as an Rrnoia, but its nearest relative is undoubtedly A.' 
lineo-oc(dlatus. Closure of the eye in spenceri lias not proceeded so far 
as in lineo-ocellafus, and the crescentic shield above the nasal which 
r<‘presents a combined supra-and post-nasal is different. In A lineo- 
ocellatus, howev(*r, both supra-and post-nasal may be present (Loveridge, 
Bull. Mem. Comp. Zool., llarmrd, LXXVII, 1934, p. 377) or both may 
be united witli the nasal. In the character of the eye, in that closure 
is not yet complete, Emoia spenceri resembles Ablepharus cabindae. 
The latter, for reasons already given, is transferred to Panaspis, the 
former is now placed under Ablepharus, and the definition of that genus 
emended accordingly (Smith, Fauna Bril. Iml., II, p. 309). That the 
condition of the eye as seem in these two species is but a further stage 
in the enlargement of the lower lid with its accompanying disc, such 
as obtains in Lygosoma entrecasteauxi, L. I rilinealum, L. himalayanum, 
L. albertisii, Riopa africanum, to name but a few in which disc is parti- 
cularly large, will not be ilisputed. 

The origin of most of the Ablepharids cannot now be traced, 
the changes in cephalic scutellation having made this impossible. The 
majority appear to have been derived from Lygosoma through the Leiolo- 
pismids ; A. boutoni, tin* most widely distributed species has all the 
characters of Emoia ; A. spenceri and A. lineb’Ocellatus possess supranasal 
shields but they do not appear to be related in any other way to the 
genera that have those shields. 


Genus Tiliqua Gray. 

TiUqiui Gray, .-Imh. Phil, (2) X, 1825, p, 201 (typo gigaa). 

('ydodus Waglcr, Icon. Amphib. (1) 1828, tab. 6 and Syst. Ampkib. 1830, 
p. 162 (type fiavigularia^^gigaa). 

Omolcpidn Gray, Cat, Liz. Brit. Mns., 1845, p. 87 (type Cyclodua camarinae 
Duin. & Bib.). 

('yclodofnorph^t^ Fitzinger, Syat, Bept., 1843, p. 23 (type Cyclodvs casuarinae). 

Lateral teeth with spheroidal crowns increasing in size from before 
backwards, except the last two or three which are smaller. Eye-lids 
well developed, scaly ; tympanum distinct, deeply sunk ; nostril pierced 
in a single nasal, usually with a curved groove behind it ; no supranasala ; 
prefrontals, frontoparietals, and interparietal distinct, the last named 
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Bepaiating the parietals. Body more or less elongate, limbs short, 
pentadactyle. 



Text-fio. 5 , — Upper jaw of Tiliqua gigas. 


In the character of its teetli, and in having the pariotals completely 
separated by tlie interparietal, Cyclodus casuarinae Diim. & Bib. agrees 
with Tiliqua, and its proper place is in that genus. Three other 
species, usually referred to Lygosoma or Omolepida are, for the same 
reason, placed there also. The genus witli its additions, will now stand 
as follows : — 


I. Length of tail not longer than the length of tlie body ; a complete 
series of scales between the orbit and the upper labials. 


gigas Schneid. 
scincoides White 
nigrolutea Gray 
occipitalis Peters 
adelaidensis Peters 


Papuasia 

Australia ; Tasmania 
Australia 

Australia ; Tasmania 


11. Length of tail longer than the length of the body ; no complete 
series of scales between the orbit and the upper labials. 


casuarinae Dum. & Bib. 
branchiale Giinth. 
wood-jonesi Procter 
gastrostigma Blgr. 


Australia ; Tasmania 

99 

99 

99 
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Lygosoma parked^ sp. nov. 

(Section Leiolopisma). 

Type : Brit. Mus. 1913, 11.1.67. 

Distance between the snout and the fore-limb once and a third times 
in the distance between the axilla and groin ; snout rounded ; rostral 
in good contact with the fronto-nasal, which is a little broader than long ; 
prefrontals large, just separated from one another and united with the 
anterior loreal ; posterior loreal longer than high ; frontal longer than 
the parietals and interparietal together, its lateral margins indented by 
the second supraocular ; four supraoculars, first largest, three in contact 
with the frontal ; parietals in contact with one another behind the inter- 
parietal ; a pair of nuchals ; eight or nine supraeiliaries, all higher than 
long ; nine supralabials, the sixth largest and subocular ; two large super- 
posed temporals. Ear-opening oval, nearly as largo as the disc of the 
lower eyelid, no projecting lobules. 

Body scales quite smooth, the dorsals a little larger than the laterals, 
36 round the middle of tlie body ; a ])air of enlarged preanals. Tail 
a little longfiT than the head and body, covered with sub-equal scales. 
Limbs rather short, just overlapping when adpressed ; subdigital 
lamellae beiu'ath the basal phalanges transversedy enlarged, and differ- 
entiated from those on the distal phalanges : eight or nine lamellae 
beneath the basal phalanges of the fourth toe. 

Light brown above indistinctly shaded with darker brown, and with 
dark brown sinuous alternating cross-bars extending from the vertebral 
line to the sides of the body ; tail with dark (’ross-bars above ; head- 
shields outlined with dark brown : white below. 

From snout to vent 63 m.m. 

Described from a single specimen obtained by the Woolaston 
Expedition in 1913, on the Utakwa River, Dutch New Guinea. 

L. parheri is related to the species of the elcgans-Jlavipes group ; it 
differs from tliem all in the character of the frontal and prefrontal, and 
in colour pattern. 



CATFISHES OF THE GENUS HELICOPHAGUS BLEEKER. 


By Sunder Lal Hora, D.Sc., F.R.S.E., F.N.L, Assistant SuperhUen- 
detiiy Zoological Survey of India, Calcutta. 

It is generally recognised that the freshwater hsh-fanna of India is 
very closely allied to that of south-eastern Asia, and, P recently put 
forward the suggestion that it is in the main derived from that source. 
To elucidate the genetic afiinities of some of the Indian forms it has, 
therefore, been necessary to study the morphological features of the 
related Far Eastern genera. For instance, in my work on tlie Siluroid 
fishes of India, Burma and Ceylon I found that thougli the accounts 
of the genus Ilelicophagas Bleeker clearly show its relationships to 
Pangasins (hivier and Valenciennes, th(»re are certain feature's in the 
anatomy of the latter by which it can be se'parated from the other 
Schilbeid fishes of south-eastern Asia and Africa ; certain authorities^ 
as a result regard it as a member of a separate, monotypic family Pan- 
gasiidae. The modern classification of Siluroid fishes is, in the main, 
based on Bridge and Iladdon’s^ critical morphological studies of these 
fishes, especially of tlu'ir air-bladder and the associated skeletal struc- 
tures. Unfortunately these authors were for want of material not able 
to deal with all the forms of the family, and in most cases it was Jiot 
possible for them to study the changes undergone during growth in 
various species. TIcUcophagus was one of the genera, of which they 
had no specimen for study, but they reported upon 5 species of Pan- 
gasius. Through the kindness of Mr. Luang Choola, Ofiiccr-in-charge, 
Bureau of Fislu'ries, Bangkok, I was able to obtain on loan a line example 
of //. waandersi Bleek('r for study. I have availed myself of this oppor- 
tunity to examine as much of its anatomy as possible without impairing 
the utility of the specimen for museum purposes. I am very grateful 
to Mr. Luang Choola and the Bureau of Fisheries, Bangkok, for the 
loan of the specimen. 

According to Weber and do Beaufort,^ Helicophagus and Pangasius 
can be distinguished from each other with the help of the following 
key 

“ a. Posterior nostril between anterior one and eye ; 
eye behind and totally above corner of mouth. 

No i)alatine teeth Helicophagus, 

h. Posterior nostril at short distance from anterior 
and above a lino between anterior nostril and 
eye. Eye partly below a horizontal throngh 
the corner of mouth ..... Pangasius'* 


^ Hora, S. L. — Geograjjhical Distribution of Indian Freshwater Fishes and its 
bearing on the probable laud comieetions between India and the adj accent Countries. 
•Curr. Set., V, pp. 351-356 (1937). 

® Regan, C. Tate. — ^The classification of the teleostcan fishes of the Order Ostario* 
physi. II. Siluroidf». Ann. Mag. Nat. Hist., (8) VIII, pp. 553-557 (1911). 

* Bridge, T. W. & Haddon, A. C.— Contribution to the anatomy of Fishes. — II. 
The Air-bladder and Weberian Ossicles in the Siluroid Fishes. Phil, Trans. Roy. Soc, 
Lond<m, (B) CLXXXIV, pp. 214-221 (1893). 

* Weber, M. and de Beaufort, L. F. — The Fishes of the Indo>Australian Archipelago, 
II, p. 247 (Leiden, 1913). 

[ 235 ] B 


236 


Records of the Indian Museum, [ Vol. XXXIX, 

In the above key no reference is made to the nature of the teeth in 
Pangasius, but in the description of the genus the authors state that 
the vomerine and the palatine teeth are “ in 4 patches, or united into 
one, or only the vomerine patches united I have examined the 
dentition of several species of Pangasius and find it to be very variable. 
In species like P. hypophthalmus (Sauvage), the dentition is feebly deve- 
loped or altogether absent. In the development of Pangasius pangasius 
(Ham.) it has been found that the dentition of the species undergoes 
considerable changes. In the case of Pangasius, therefore, dentition 
is not a very safe diagnostic character. Presumably on the basis 
of dentition alone Sauvage^ referred P. hypophtlialmus to the genus 
Helicophagus and the same feature appears to have influenced Suvatti^ 
in supporting Sauvage’s view. It has, however, been shown by me® 
that in this species the posterior nostril is situated only slightly behind 
the anterior and above the line joining the middle of the eye to the 
anterior nostril. According to this character there is no doubt regard- 
ing its position in the genus Pangasius. Its broad head and snout also 
point to the same conclusion, for in Helicophagus the head is conical 
with a prominent, bluntly- pointed snout. Moreover, a part of its eye 
is situated Ixdow a horizontal line passing through the corner of the 
mouth. 

After the elimination of P. hypophthahmis fro n Helicophagus there 
only remain 2 species of this interesting genus : H. typus Bleeker, known 
from Palembang in Sumatra and H. waandersi Bleeker, known from 
Palembang, river Batang Hari and Djambi in Sumatra, Siam and Indo- 
China. Thus tliis genus has a somewhat restricted distribution, whereas 
Pangasius is found throughout south-eastern Asia (including India), 
except Southern China and Ceylon. 




Tbxt-fiq. 1. — Dentition of Helicophagus imandersi Blec'ker. x 7. Length of speci- 
men 143 mm. without caudal. 

Comparing Helicophag\is waandersi with several species of Pangasius 
that I have studied I find that the former possesses much longer barbels 

^ Sauvage, H. E. — Recherches Bur la faune iohthyologique de TAeie et description 
d’ especes nouvelles de rindo-Chine. Noui\ Arch. 'Mus, Hist. Nat. Paris. (2). IV. 
p. 170 (1881). 

• Suvatti, C . — Index to Fishes of Siam, p. 81 (Bangkok, 1936). 

» Hora, S. L. — On a collection of fish from Siam. Joum. Nat. Hist. Soc. Siam. 
VI, p. 166 (1923). 
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and a very peculiar type of dentition. The teeth (text-fig. 1) of the upper 
jaw form two almost quadratic patches and those of the vomer are 
disposed in two small patches widely separated from one another. In 
the lower jaw the teeth are somewhat larger and fewer in number ; they 
form two pear-shaped patches with the points directed outwards and 
backwards. In //. typus, however, the teeth in the jaws are stated to 
form broad, curved bands ; while those on the vomer are arranged in 
two distinct, narrow, curved bands. There would thus appear to be 
considerable variation in the dentition of this genus. 



Text-fio. 2.— Dissection of the visceral organs of a specimen of Helicopfuigus uxiandersi 

Bleeker, X IJ. 

A. Air-bladder ; K. Kidney ; L Liver. 

To examine the disposition of the visceral organs of H. waan^rsi 
(text-fig. 2) an incision was made along the mid-ventral line. The positions 
of the liver, the kidneys and the air-bladder respectively were almost 
similar to those of Pangasius pangasius.^ The lateral lobes of the liver 

‘ Hora, 8. L. — Correlation between the disposition of the Liver and the Kidney 
and the form of the Air-bladder in Certain Siluroid Fishes of India. Proc, N<U» Inst^ 
ad, Indian ni, p. 34 (1337). 
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are lodged in small cul-de-sacs above the pectoral fins, so that the liver 
lies very close to the skin. The air-bladder is divided into two portions, 
a large anterior portion corresponding to the normal air-bladder and a 
posterior portion which is drawn out in the form of a caecum. A small 
portion of the caecum extends into the muscles of the tail on the right 



Tkxt-fig. 3. — Air-bladder of a specimen of Hdicophagua waanderai Bleeker, 143 mm. 
in length without the caudal, showing the internal structure. x2|. 

«. Dorsal half ; b. Ventral half. 

a. c. Anterior chamber ; a. r. Annular ridges ; d. p. Pneumatic duct ; I, c. Lateral 
chamber ; 1. s. Longitudinal septum ; p. c. Posterior chamber or caecum ; r. /, 
Root-like fibres ; L a. Primary transverse septum ; a/ Secondary transverse 
septa ; v. p. Vertical pillar. 

The part of the air-bladder below the arrows is enclosed in the muscles of the tail region. 

side. In several respects the bladder is similar to that of a specimen 
of Pangolins pangasins of the same size (143 mm. in length without 
caudal). 
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The internal structure of the air-bladder (text-fig. 3) is, in the main, 
similar to that of a specimen of P. pangasim^ of the same size. The 
anterior portion of the bladder is divided internally by a primary trans- 
verse septum (t, s.) into a short and broad anterior chamber (a. c.) and a 
pair of lateral chambers (L c.), separated from each other by a longitudinal 
septum (i. s.). The dorso-lateral walls of the anterior chamber bulge out 
dorsally so as to form pocket- like cavities which are lodged inside the 
recesses provided by the vertebral elements, one on either side of the 
vertebral column. The remaining portion of this chamber is invaded 
by fibrous growths of the primary transverse septum. The cavities of 
the lateral chambers are subdivided and broken up by the formation 
of numerous secondary transverse septa {t. . 9 '.), which grow out from 
the sides of the longitudinal septum ; they do not, however, extend to 
the outer wall of the chambers. In the transverse cavities thus enclosed, 
the walls become greatly thickened and sacculated by the development 
of fibrous tissue (r. /.) so that the free space inside the bladder is greatly 
reduced. In addition to these fibrous growths, there are a few vertical 
pillars (v. p.) which make the *air- bladder more compact. 

The pneumatic duct (cl. p.) opens into the bladder on its ventral wall 
in the middle line just in front of the transverse septum. 

The posterior portion of the bladder (p. c.) communicates anteriorly 
with both the lateral chambers of the anterior portion, but terminates 
blindly behind. It is fairly broad anteriorly but from the middle of 
its length becomes very narrow and tube-like. The longitudinal septmn 
noted above, extends into the (;aecum for a short distance. The walls 
of the caecum are greatly thickened throughout by the formation of 
annular ridges (a. r.). 

In the modification of the anterior vertebrae (text-iig. 4), Hcdicopfiagm 
witcindersi differs from most of the species of PamjaHius, but conforms to 
the normal condition in a great majority of the Siluroid fishes. Each of 
the transverse processes of the fourth vertebra has a broad flat root, 
which is prolonged distally into distinct anterior (t. a.) and posterior 

(t. p.) divisions, S(*parated from each other by a broad, deep concavity. 

The anterior division is moderately thick and inflexible and does not 
possess any trace of the oval plate so characteristic of Pangaaius pangasius 
and several other species of the genus. So in Jldirophacp^s there is no 
‘‘ elastic-spring ” mechanism ; the distal portion of the process is applied 
to and firmly supports the outer extremity of the. inferior limb of the 
post-temporal (pt. i.). The structures described abov(' correspond with 
those of P. microncnui Bleeker, the only species of Pawjasius in which 
Bridge and Haddon (op. (‘It.) did not find an “ elastic-spring ” mechanism, 
and which would in the circumstances app(‘ar to form a connecting 
link between the genera Helicophagus and Pcingasias. 

In P. pangasius, Nair (op. dt.) has shown that with the development 
of the fish the space inside the air-bladder is gradually reduced and in 

^ Nair, K. K. -~(^haiige.s in the Internal Structure of the Air-bladder of Pangasiua 
pangasius (Ham.) during Growth. Pec. Ind. Mus., XXXTX, pp. 117-124 (1937). 

It may, however, l>e noted that the air-bladder of a npecimen of PangaMua pemga- 
aius, 143 mm. in length, does not extend into the musclen of the tail region ; the 
narrow portion of its caecum is devoid of annular ridges and the posterior portion is 
smaller than the anterior. The absence of an elastic-spring mechanism in Heli- 
cophaffua is referred to later. 

F 
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large specimens a fatty degeneration of its tissues, especially at the 
anterior end, takes place. So far as the hydrostatic function of the 



TKXT-na. 4. — Wntral view of the anterior vertebrae and tlieir processes in a speeuinou 
of iliUrophagus nutitnderMi Ulee'keT, showing the a!)Renee of any “ elastic-spring ’* 
nn'chanisni. \4. 

b. o. nasioccipital ; ;>/. t. Inferior process or limb of post-temporal ; First rib; i. p*. 
a. Anterior <livisionof the transverse' procc'ss of tlm fourth vertt'bra ; t. 'p.*p> Posterior 
division of the, transverse process of the fourth vertebra ; t. p.® Transverse process 
of the fifth vertebra ; tr. Trij)us ; tr, c. (Vescentic process of the tripus. 

bladder is coiiec'nu'd it bocotnes less and less effective with growth. 
Owing to the coinp(‘tition for space inside the body cavity of forms with 
a long anal fin, tlu) bladder is pushed from all sides and it seems to me 
that th(j modiiication of the anterior division of the transverse process 
of tlie fourth vert(*bra to form a plate is meant to check the forward 
growth of the iihidder. It is because of this resistance at the anterior 
end that the bladder iinds space for its extension in the muscles of the 
tail. The so-called elastic-spring ” apparatus is a primitive device, 
while the condition met with in P. mienmema, IleUcopluujus waandersi, 
and in a majority of the other Siluroid fishes is of a more specialised 
nature. 

From the foregoing considerations it would appear that Helicophagus, 
with long barbels, well-developed dentition, without an “ elastic-spring 
apparatus, etc., etc., is at a somewhat higher stage of evolution than 
Pangasiys. There also seems no justification for separating Patigasius 
from the rest- of the Schilbeidae only because of the presence of “ elastic- 
spring ’’ mechanism in a number of its species. 



COMPARISON OF THE FISH-FAUNAS OF THE NORTHERN AND 
THE SOUTHERN FACES OF THE GREAT HIMALAYAN 
RANGE. 

By Sunder Lal Hora, D.Sc., F.R.S.K., F.N.T., Assistant Superinten- 
dent, Zoolofjical Survey of India, Calcutta. 

When St^wart^ wrote a short article \nulor the above tith? in the 
series of reports on a collection of aquatic animals made by him in Tibet 
during the year 1907, he was probably not aware that Day- had alrisady 
compared in some detail the fish fauna of the highlands of (Vntral Asia 
with that of the contiguous regions. Tn tins connection Day made 
a survey of the fishes of Afghanistan, Western Turkestam Fiastern 
Turkestan, Yarkand, Tibet and Hindustan and concluded as 
follows (p. 25) : 

“ The conclusion, I tliink, we may fairly arrive at after examining the tishes of 
Yarkand and the adjoining eounlrios, is that we find a peculiar group of Carps (Schizo- 
thoracinae) which has spread almost <lue east and west from tin* ( old and elevated regions 
of Eastern Turkestan, hut of which the southern progK'Ss has been barred by tlu^ Hima- 
layas. *’ 

“ If we look to the south, we see, as it were, that a wave of tropical forms of fishes 
has, at a j)rehistoric p(‘riod, expanded over that portion of the globe where the Nicobars, 
Andamans, and the most southern portions of the eontinent of Asia and the islands of 
the Malay Archipelago now are, that this fish fauna has its northward progress Jirrested 
by some cause at or near where the Himalayas now exist and mark the division bet vvecMi 
the fish-fauna of India and that of Turkestan.” 

Stewart’s data for the comparison of the two faunas were bast'd on 
the records of distribution of the various Indian species in Day’s volumes 
in the Fauna of British India ” series and on the species described by 
Regan^ and Lloyd^ from Eastern Tibet. He found that 

“ From the northern area seventeen species of fish are at present known, belonging 
to the families Siluridae and Cyprinidae. From the southern a)(*a thirty-six H])eeies of 
these, two families are recorded in the Fauna of British India. These two groups have 
only two specie.s in common {Srhizothorax fsocinu.H aiul Diptyckus niacnhdus).^ (Those 
two species are also the only forms from the Trans- Himalayan Indus which hnve not 
hitherto been found in the Trans-Himalayan Brahmaputra. Tims there are no species 
common to the latter and to the rivers of the south face of the Himalayas). Thus of 
these two families there arc fifteen species confined to the northern regions, thirty-four 
to the southern, and two are found in both.” 

It may, however, be noted that while Day’s conclusions are based on 
a study of the forms occurring to the north and the south of the western 
portion of the Himalayas, Stewart’s remarks relate to the forms found in 
the eastern portion of that great range. Both these authorities are, 
however, in complete agreement that there is no similarity between the 

* Stewart, F. H. — Comparison of the fish fauna of the north and the south faces of the 
great Himalayan range. Kec. Ind. Mus., Ill, pp. 121-123 (1909). 

* Day, F. — Scientific Results of the Second Yarkand Mission. Ichthyology, pp. 
1-26 (Calcutta : 1878). 

® Regan, C. Tate. — Descriptions of five new Cyprinid fishes from IJiasa, Tibet. 
Ann. Mag. Nat. Hist., (7) XV, p. 186 (1905) ; Descriptions of two new Cyprinid fishes 
from Tibet. Ibid. (7), XV, p. 300 (1905). 

Lloyd, R. E.— Report on the fish collected in Tibet by Capt. F. H. Stewart, I.M.S., 
Rec. Ind. Mvs., IT, pp. 341-346 (1908). 

® The known distributional records of Schizothorax esocinns Heckel and Diptychvs 
maculntus SUund show that these species do not occur on the south face of the Hima- 
layas and are typical members of the Central Asiatic fauna. 
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fish-fauna of the northern and the southern faces of the great Hima- 
layan range. This conclusion appears to be based mainly on the 
distribution of the Schizothoracinae, and it is, therefore, of interest to 
examine the two faunas more closely. 

Fish of Central Asia and op India. 

By “ Central Asia ** I mean the highlands bordered on the north by 
the Tien Shan Mountains and on the south by the north face of the 
Himalayas. To the west, where the Himalayan range does not extend, 
the Hindu Kush range forms the northern boundary while the southern 
and western boundaries are ill-defined. Towards the east of the head- 
waters of the Hwang Ho and the Yangtze Kiang form an undefined 
boundary. Within these limits are included the headwaters of the^ 
.Taxartes and the Oxus, the basins of the Hari Kud and the Helmund, 
the Trans-Himalayan portions of the Indus and the Brahmaputra, the 
Tarim Basin, the basin of Lake Balkash, the Mongolian Lake Basin and 
Tsaidam. The fauna of this vast territory, except near the fringes 
towards the east,' and the west,‘^ is composed of the Schizothoracinae, 
of the catfishes of the genus Glyptosteruuni McClelland (Family : Sisor- 
idae) and of the loaches of the genus Nemachilm van Hass. (Family : 
Cobitidae,). Of thesis ihrt^^ typ(\s of fislu's, the genus Nemachilus is the 
most widely distributed, as it is found not only throughout the Oriental 
Region, but its range extends to Africa as well. Though this genus is 
equally abundant in the northern and southern territories of the Hima- 
layas, the spc‘el('s of tJH‘ two regions are so different from one another 
that they can be readily distinguished.^ The Trans-Himalayan species 
usually grow to a fairly larg(‘ size ; the body is greatly elongated and 
almost whip-lik(* posteriorly. The skin is totally devoid of scales. Tin' 
colour on the sides forms a mottled pattern. The species of the Indian 
region are usually small in size and possess short, stumpy bodies. Small 
scales, sometimes hidden in the skin, arc usually present, while the 
body is invariably marked by a series of transverse bands. Several 
attempts have been made to subdivide the fishes of this genus, but from 
an intensive study of extensive material ’'from the northern and the 
southern faces of th(‘ Himalayas I have not been able to discover any 
reliable characters for si'parating the groups recognised aS genera by 
other workers. In spite of the great difference in. the appearance of the 


Mn my account of the “ Finh of Afghanistan” {Jourti. Bombay Nat. Hist. Soc., 
XXXVI, pp. 688-7(»6, 1933) I gave a short review of the types of hshes found in Waziris- 
tan, Baluchistan. Soistan, Chitral ; tho Pamirs and the Kashmir and in an addendum 
some further details arc given on the information supplied by Prof. L, S. Berg. It 
will be seen how. with the exception of Chitral and tho Pamirs, the Central Asiatic fauna 
l>coomea less marked ns we move away from the central zone, 

* In the lists of Chinese fishes given by Ih’ofessor Tamezo Mori in his recent work 
entitl^ “ Studies on the Geographical Distribution of Fresh water Fishes in Eastern 
Asia ’ (Chosen : 193(1), wo find that only one species of Schizopygopsis Steindachner 
IS listed from Hoang-Ho, three species of Schizothorax Heckcl, five species of Oreinvs 

8|KM'ios of Schizopygopsis from the Yangtze Kiang and two species 
of Schizc^horax and three species of Oreinus from Southern China. There is a considerable 
mixture of the Schizothoracine element with the typical Oriental forms in Szechuan, 
\unnan and South China. 

* Hwa, S. L.— On Fislies belonging to the family Cobitidae from high altitudes in 
Central Asia. Bsc. Iml. Mas., XXIV, pp. 63-83 (1922), 
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northern and the southern forms there can be no doubt regarding the 
genetic affinity of the two types. 

The Central Asiatic group of species can be divided ecologically 
into two categories/ (i) those that live in shallow, rapid-running waters 
and (ii) those that live in lakes. The lake-forms possess a secondarily 
developed large air-bladder in addition to the original structure enclosed 
ill two bony capsules. The free air-bladder referred to above is, in my 
opinion, a secondary acquisition developed as an adaptation to life in 
deeper waters. The form of the free air-bladder is so varied that it is 
difficult to resist the conclusion that the production of a secondary free 
air-bladder in certain species of NemacMlus has independently occurred 
again and again in different lakes of Central Asia— the presence of inter- 
mediate forms in shallow, sluggish waters lends support to this hypothesis 
On the southern face of the Himalayas there are no large lakes and 
even the small ones that exist are probably not of any great antiquity, 
since they do not possess any endemic faunas. The lakes of northern 
Burma, ^ however, are of considerable age, as their fish faunas arc charac- 
terised by several abberant and highly interesting indigenous forms. 
In this region we get certain species of Nemachiltis which have developed 
a set^ondary air-bladder^ but their general build is similar to that of the 
forms found in India. It may be concluded from the above that th(‘ 
Nemachili of the north and the south faces of the Himalayan range, 
though genetically identical, represent totally different races. 

There arc only two species of the genus Glyptosternum^, G, retimlatmi 
McCI(‘lland and G. maculatum (Regan). The latter is known from 
Eastern Til^et, while the former is widely distributed in the upper reaches 
of the Indus, the Kabul, the Amu-Darya and the Syr-Darya Rivers. 
There is reason to believe that the two species have been produced as a 
result of isolation and segregation of a once widely distributed ancestral 
stock. A great variety of Glyptosternoid fishes is found in Siam, Yunnan, 
Burma and the Brahmaputra drainage of India^. Recently T'* have 
suggested the probable origin of the Glyptosternoid fishes from Pseud- 
echeneis-WkQ ancestral forms, but whatever may be the origin of these 
interesting fishes there can be no doubt that the Trans-Hi malayan 
Glyptosternuni has its nearest allies in Siam, Yunnan, Burma and north- 
east India. Here again, though we find a close genetic similarity between 
the Himalayan and the Trans-Himalayan species, the diversity of form 
is so pronounced that the two faunas must be regarded as distinct. 

The Schizothoracinae are small-scaled Barbels with their nearest 
allies in the so-called large-scaled or moderate-scaled Barbels of the 


^ Hora, S. L.— Report on Fishes of the Yale North India Exf>edition. Part I : 
Cobitidae. Mem. Conn. Acad., X, pp. 299-305 (1936). 

* Annandale, N. — ^Fish and Fisheries of the Inle Lake. Htc. Ind. Mvh.^ XI V, pp. 
33-64 (1918); Prashad, B. and Mukerji, D. D. Rec. Ind. Mus., XXXI, pp. 161-22.3 
(1929). 

® Hora, S. L. — The Value of Field Observations in tho Study of Organic Evolution. 
Jotifn. Bombay Nat. Hist. Hoc., XXXIV, pp. 377, 378, 382 (1930). 

^ Tho distribution of the Glyptosternoid fishes is as foUows : Oreoglania Smith in 
Siam ; Olaridoglanis Norman in Yunnan ; Euchiloglanis B^an in Tonkin, China, Burma 
and the Brahmaputra drainage of India ; Exostoma Blyth (used in its broadly accepted 
sense) in Burma and GlyptosUrnum MoCleUand in Kashmir, Turkestan and Tibet. 

• Hora, S. L. — On a New Genus of Chinese Catfishos allied to Pseudecheneis Blyth . 
(In press.) 
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Oriental and the Aethiopian regions. Both kinds of Barbels occur in 
diverse types of habitats from strong currents to muddy pools — and 
liavo consequently become differentiated into a variety of closely related 
gen(‘ra, which are often very difficult to distinguish from one another. 
The Schizothoracina(‘ are distinguished from th<* (yprininae by the 
possession of minute scales ))ut in some cases the scales are entirely 
absent. A membranous sac or slit anterior to the anal fin, which is 
laterally bounded by a row of vertically placed scales, like eave-tiles, 
and which arc continued along the base of the anal fin, is also character- 
istics of the Schizothoracinae. On the southern face of the Himalayas, 
this subfamily is rc'presented by the genus Orewus McClelland which is 
spread from Afghanistan along the whole Himalayan and contiguous 
range's of hills to south-eastern China. So far ns is known, tht*se fivslu's 
appear to be strictly residents of rivers in the hilly regions, neith(*'r 
descending far into the plains nor occurring in the h'vel plateaux on the 
summits of the mountains. Their mouth is armed with a spt'cial adhesive' 
device which (*nables them to rc'si.st the rapid currents of the torrential 
streams. Thougli Chrinvs is a. well recognised morphological genus, 
there is ev(‘ry reason to believe that it represents only specialised mem- 
bers of the g('nus Schkothorao' Heckel.^ The two genera interbreed very 
freely and in si'veral large collections intermediate forms between Schi- 
zothoraj' and Orcivus are not uncommon. Several Himalayan rivers 
have Trans-Himalayan sources and it is along these channels that Oreinua, 
a ri'presentative of the Schizothoracinae, has probably come down 
during floods, etc., to the Himalayan rivers. No other genus of this 
subfamily is found in tlu» small torrential streams of tin* Himalayas. 
Tchang^ lias re(‘ently described two species of Barbus Cuvier from Yunnan, 
B. rerjani and B, vormam in which the scales are minute and their 
general build is very much like the Schizothoracinae, except that they 
do not possess the tiled rows of scales in front of and at the sides of the 
anal fin. It thus seems likely that such species of Barbm were the 
progenitors of the Schizothoracinae. In the case of the Schizothoracinae, 
therefore, we have specially modified Oriental Barbels, but the differences 
between the two types of Barbels are sufficiently well marked for dis- 
tinguishing the fivsli faunas of the northern and the southern faces of the 
Himalayas. 

The great variety of other Catfishes and Carps that characterise the 
aquatic fauna of the southern face of the Himalayas- is not at all represen- 
ted on the northern face of the range. 

Physical Factors and the Characteristic Features of the Two 

Faunas. 

In an account of the ‘ Ecology, Bionomics and Evolution of the 
Torrential Fauna it was shown that the physical factors of an environ- 
ment play a great part in the association of the fauna of a particular 

> Hora. S. L.— The Fish of Chitral. Jt(c. Ind. Mus,, XXXVI, pp. 307-310 (1934). 

* Tchang, T. L. — Two New Species of Barbus from Ywnnan. B'uV. Fan Mem, 
Inst. Biology, (Zool.). VI, pp. 60-63 (1935). 

* Hora, S. L. — Ecology, Bionomics and Evolution of the Toirential Fauna, with 
special reference to the organs of attachment. Phil. Trans. Boy. Sor. London, (B), 
(X?XVni, pp. 171-282 (1930). 
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habitat. Having shown that the fish faunas of the northern and the 
southern faces of the Himalayan range are almost totally different, 
though genetically closely related, we may enquire into the factors 
governing the habitats of the two faunas. 

Stewart (op, cit,) gave the following four ])rincipal physical charac- 
teristics of the Central Asiatic region (i) its great elevation (usually 
over 10,000 ft.) ; (ii) its very low rainfall ; (iii) sparse vegetation and 
(iv) the rapidity of flow of streams. From tlie point of view of the 
conditions that govern fish life, the first three factors are of little signi- 
ficance. For instance, the Schizothoracinae are not confined only to 
high altitudes but are also known from low elevations (for example 
Soistan, where Schizothorax and Schizocypris Regan occur, is situated 
in a deep depression less than 2,000 feet above sea level). It is also 
immaterial for fish life whetlicr the water in a particular stream is derived 
from rainfall, glaciers or from springs, as fishes become gradually accli- 
matised to changes in temperature. Most of the hill-stream fislu's 
f(*ed on insect larvae or aquatic vegetation (mostly slimy algae adhering 
to rocks and stoiu's), and it is no consequeiic(‘ whether the t(UTestrial 
vegetation of the area is sparse or thick. Tin* nature of the river bed 
and the swiftness of the current are, however, important factors. 

Jt is a general eharaeteristic of the highlands of (.entral Asia that 
tlie rivers run with some rapidity in broad beds of bouhhu’s and often 
expand into marshes and lak(dets. Furtlnu' tlu'rci are lakes of consuhu*- 
able magnitude dotted all ov(‘r this area. For an understaiidijig of the 
correlation between tlie type of habitat and the corresponding fauna 
reference may be made to my account of tin' (ish of Chitral cited abov(‘. 
On the southern face of the Himalayas the streams are small and fire- 
I'ipitous and there ari* no large lakes. Tin? nature of the streams is so 
torrential that very few species of fish are found abovi? an altitude of 
about 4,0U0 ft. ; the greatly diversified fish-fauna of this region is mainly 
restricted to valleys. On the southern face of the Himalayas, therefore, 
fishes require mechanical devices to (;nablo them to withstand the 
rapidity of the currents, such fornis are Garm Hamilton, (Uyplothomx 
Blyth, Pscudccheneis Blyth, etc., which do not grow to a large, size, 
while some, like Balitora Gray, are greatly flattened. In tin? large rivers 
and lakes of the highlands of Central Asia the conditions of life are 
presumably not so rigorous and in consequence the rivers are stated by 
every observer to be teeming with fish life. The fish grow to a fairly 
large size and are trout-like in appearance, with the exception of Glyp- 
tostenuim which is flattened and is found clinging to rocks, etc. 

The most striking feature of the fishes of Central Asia, lioweviT, 
is the degenerate nature of their scales,^ culminating in their total 
absence in some forms. As in the Salmonidae, the smallness of the 
scales in the Schizothoracinae is probably due to the necessity for a 
supple integument whether in fast-swimming fishes or in those that 
live in smooth, rapid-running waters, for it must be remembered that 
whether a fish moves through water swiftly or the water glides over it 
with great rapidity the physical factors involved are the same in both 


^Annaudale, N. and Hora, S. L. — The Fish of Suistau. Hec. hid, Mus.t XVHX, 
p. 154 (19:20). 
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cases. A remarkable feature of the Schizothoracinae is the anal sheath 
of scales, i^esides these enlarged scales, there are usually somewhat 
larger scales in the scapular region, at the bases of the dorsal and ventral 
fins and along the lateral line. As the fish moves through the water, 
these are precisely the regions where, owing to protection afforded by 
the conical head, fins, and the stream-lined body of the fish, the tearing- 
away action of the current is least felt. In consequence, these scales 
do not undergo degeneration to the same extent as on the parts of the 
body more exposed to the currents. It seems logical, therefore, to 
assume that the whole of the fish-fauna of the highlands of Central Asia 
has becui modelled to suit the peculiar conditions of the rivers of that 
region. Sekizothorax, the perfectly scaled member of the Schizothora- 
cinae, is found in lakes and in large rivers with backwaters,^ while other 
genera of the subfamily with scales in varying degree of reduction live 
in swift waters of varying rapidity. 

Along tlu; southern face of the Himalayan range, on the other hand, 
thougli the streams arc more torrential, we have forms with larger scales. 
In fact. th(‘ Barbus tor group, constituting the renowned ‘ Mahseers ’ 
of India, is well repi*csented in the Himalayas and even in Garra, 
which poss(\ss(*s a true vacuum sucker, the body is provided with moderate- 
ly largi‘ scah's. The same is true of such mountain genera as Balitora, 
Psilorhymhns McClelland, Crossochilus van Hass., etc. Even the Silu- 
roida, wliicli live on tlu,‘ exposed surfaces of rocks, smjh as Sisor Hamilton, 
Glyptothorax, Layuvia Hora, EretJdstes Mull. & Trosch., etc., have develop- 
ed wart-lik(‘, hard projections on the skin. This may seem contradictory 
to what has been stated above regarding the reduction of scales in Central 
Asiatic (ish(\s, but in reality it is not so. In dealing with the physics 
of the niecdiaiiism of attachment in hill-stream animals it was shown^ 
that though at certain velocities the resistance of a body subjected to 
a current is greatly reduced by the rounding-off of its contours, at 
other ^'elocities, in some bodies, such as spheres and cylinders, the resis- 
taiKH^ is actually reduced by the roughening of the surface. Those 
who have visited the Trans-Himalayan and the Cis-Himalayan areas 
of the great range will bear out very fully that the nature of the flow of 
water currents in the two areas differs very considerably. It is these 
differences in the nature of the currents that account for the different 
types of fish-fauna of the two regions. 

Origin of thb Two Faunas. 

According to Day (vide supruy p. 241) at some very early age the 
Himalayas acted as a barrier between the northern and the southern 
forms and the resulting isolation kept the two faunas very distinct. 
This is true so far as it goes and certainly at the present day the Hima- 
layan range is an effective barrier that does not permit the northern and 
the southern fish-faunas to intermingle. It has been shown above that 


' Hora, S. L. and Mukerji, JO. D. — Pisces in Visser's Karakorum^ I, pp. 427, 428 
(Leideu : 1035). 

* Hora, S. L. — Ecology, Bionomics and Evolution of the Torrential Fauna, with 
s|>ecial reference to the oiganS of attachment. Phil. Trans. Mou. 8oc. London (B), 
CCXVIU, pp. 264-266 (1930). 
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the Central Asiatic Glyplosternum and Schizothorax have their close allies 
in Yunnan and the adjoining territories of south-eastern Asia. It seems 
reasonable, therefore, to infer that the fish-fauna of Central Asia was 
derived from an eastern slock, as have suggested in regard to the 
origin of the fish-fauna of India as a whole. The close genetic similarity 
between the two faunas is undoubtedly due to their common origin, 
and the dissimilarity between them is probably due to their differentia- 
tion in different geological ages, long isolation and the resulting segrega- 
tion. Attention may here be directed to Kegan’s^ hypothesis ‘‘ that 
as a rule the first step in the origin of a new species is the formation 
of a community with a new and restricted environment, or with new 
habits ; in other words, that some form of isolation, either localiza- 
tion or habitudinal segregation, is the condition of the development of 
a new species.” What is true of the species is also applicable to faunas 
as a whole. The fish-fauna of Central Asia, at an\' rate, affords a re- 
markable instance in support of this hypothesis. 

To compare the origin of the Trans-Himalayan and the Cis-Hima- 
layan fish-faunas it seems worth while to give a very brief account of the 
geological history of the Himalaya, but unfortunately our knowledge 
of Trans-Himalayan geology is very meagre iud(H‘d. 

“ There is no evidence to show that the Himalaya, as a great mountain 
range, are older than the latter part of the Eocene period Before 
that the Himalayan area formed the northern coast of Gondwanaland 
and a number of rivers flowed northward into the Tethys Sea of that 
period. The orogenic movement, which was strongly pronounced 
during the Oligocene, probably began in lat(^ Cretaceous times and 
continued throughout the Eocene and Middle Tertiary periods. There 
is considerable cvideiuje to show that it was still active during the Plio- 
cene and the later periods. The ossiferous beds of Ngari Khorsum and 
of the Karewas of Kashmir, however, indicate that during the Pleis- 
tocene period the Himalayas had already acquired the general features 
of their present-day form. The nature of the Siwalik deposits shows 
that the main drainage lines on the south face of the Himalayas date as 
far back as the Pliocene epoch and that “ the rivers which brought 
down the sands and boulders from the mountains to build up the Siwaliks 
of the Duns and the Hundes were the direct ancestors of our modern 
Sutlej and Ganges.” 

From the generalised nature of the Trans-Himalayan fish-fauna it 
may be surmised that the eastern portion of the Tibetan plateau was 
the first area to be lifted and raised above the neighbouring Chinese 
territory. The drainage of this new land joined the then existing 
drainage of southern China and thus channels were established for 
the Chinese forms to colonise new lands. As the crustal movements 
gradually lifted the Tibetan region, better adapted hill-stream forms 


^ Hora, S. L. — Geographical Distribution of Indian Freshwater Fishes and its bear- 
ing on the Probable Land Connections between India and the Adjacent Countries. 
Curr, Set., V, pp. 361-366 (1937). 

* Regan, C. Tate. — ^Mendelism and Evolution. Naittre, CXIII, p. 669 (1924). 
•For geographical and geological facts about the history of the Himalayas I am 
Indebted to Burrard and Hayden*s “ A Sketch of the Geography and Geology of the 
Himalaya Mountains and Tibi^ ” revised by Burrard and Heron (Delhi : 1933). 
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were able to invade the higher reaches of these streams. The asso- 
ciation of the fish-fauna shows that these rivers had fairly broad 
valleys with deep beds of boulder and rapid-running currents. It has 
then to be presumed that at a certain period a localised disturbance 
caused this region to be lifted up so as to isolate the fauna of this area 
from the ancestral stock. The geographical distribution of the Schizo- 
thoracinae shows that the waters of Central Asia may have flowed at 
first towards the east, then towards the west and north before the present 
drainage pattern was established. 

‘‘ On the basis of his geomorphological studies, Dr. de Terra has 
KH'onstructcd the Tertiary drainage pattern of the western part of the 
Tibetan plateau. A number of rivers ran from west to east, one of 
them occupying the present valley of the Upper Indus. It is difficult 
to resist the conclusion that a similar pattern extended farther north, 
the Tarim l)asin draining into the Hwang-ho.”^ According to Burrard, 
Hayden and Heron^, th<^ evidence furnished by tlic feeders of the Trans- 
Ilimalayan Brahmaputra shows that the Tsangpo formerly flowed 
through Tibet from east to west, and that of the great rivers of the world, 

“ the Brahmaputra furnishes tlie only instance of drainage flowing in a 
diamiitrically opposite direction to what it formerly did, though still 
occupying the. same bed.” 

The ScliizothoraciiuK^ are. at present found in at least twelve major 
river systcuns and nume.rous closed basins adjoining the. plateau of 
(Vnt-ral Asia, (tlyploalcniutn is also found in the (eastward and west- 
ward Ihnving riv(*rs. Mukerji and U found the sanu» species of Nema- 
clnliis in the lieadwatius of the Indus and tlje Karakash rivms. These 
facts conciuning tlie geographical distribution of Cimtral Asiatic fishes 
can only be explain(*d reasonably on the assumption that after the estab- 
lishment of the typical highland fish fauna local upheavals repeatedly 
h*d to clianges in the drainage pattern of this region and thus made 
possible the wide dispersal of tliese forms. 

So in the. origin and distribution of the fish-fauna of Central Asia, 
t he first step was the colonisation of the newly produced lands of Eastern 
Tibet, probably during the post-Eocene period, by the fauna of southern 
China, particularly of Yunnan. The. second, step was the lifting of 
this region, which resulted in the isolation of the fauna of the upper 
roaches by the reversal of the drainage system, and finally through 
localised orogenic movements in the region of the Tibetan trough the 
drainage pattern was made to oscillate from time to time resulting in 
the wide dispersal of the Central Asiatic forms within the limits of the 
trough defined above. 

As indicated above, the fish of the southern face of the^ Himalayas 
are highly specialised and appear to have spread over this region from 
the cast at a somewhat later date, possibly in the late Miocene or Pliocene 
periods. Of the hill-stream fishes of this region we have fossil records 
of Bagarius Blecker, a widely distributed genus of the somewhat larger 


i Hutchinson, G. E.— Yale North India Expedition. Nature, CXXXIV, p. 87 (1934). 
® Burrard, S, Q. and Hayden, H. H. — A Sketch of the Geography and Geology of the 
Himalaya Mountains and Tibet. 2nd Edition, revised by Burrard, S. G. and Heron, 
A. M. (Delhi: 1033). 

• Hora, S. L. au<l Mukerji, D. D. — ^Pisces in Ktir.!Jer> Karakorum I, pp. 427-428 (1935 ). 
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rivers of India, Burma and the Malay Archipelago, from the Siwalik 
formations of Nahan and the Tertiary formations of Padang in Sumatra. 
All students of Oriental fishes are familiar with the great similarity 
between the south Himalayan fish fauna and that of Burma, Siam, the 
Malay Peninsula and the Archipelago and Indo-China. In another 
place P discussed the probable origin of the fish fauna of India and 
showed that it was derived from the eastern countries. For the pro- 
bable mode of dispersal of fishes from east to west reference may be made 
to Gregory* and Gregory and Gregory^ who have attempted to demon- 
strate that in south-eastern Asia the western rivers beheaded the rivers 
on the east ; thus effecting the transference of eastern fauna towards 
the west. As the total Himalayan uplift was accomplished in three or 
more stages, every wave of orogenic movcmient may have affected the 
drainage pattern of that period, but, as evidenced by the distribution of 
freshwater fishes, it seems that every time' the W(‘stern rivers captured 
the waters of the eastern rivers, (■luinges in the drainag(j of the southern 
face of the Himalayas may also have resulted from localised disturbances. 
At any rat(\ it seems (cert ain that wlieii tlie Soutli Chinese fauna began 
to spread along the soutluu’n face of the Himalayas, (‘ven th(‘. parental 
stock in Cliina had prol)al)ly already undergone considcuabh'. changes 
du(‘ to the torrential nature of tlu* streams on the newly produced pre- 
cipitous hill-sides. 

It is thus seen that though the fauna of the northern and the southern 
faiTs of the Jlimalayas is (huived from tlui same source, the Central 
Asiatic, fauna, comprising comparatively less sp(‘(‘ialis(*d forms, was 
probably different iat<‘d at an (uirlier date wlum the parental stock was 
of a generalised nature ; while that of the sout-luuai face of the Himalayas, 
comprising highly sp(*cialis<.'d forms, was produced at a later date when 
the original stock had already beconui fairly well adapted for life in 
torrential streams. 


Summary. 

Attention is directed to the conclusions reached by Day and Stewart 
as a result of the comparison of the fauna on the northern and southern 
faces of the Himala}'an range. From a critical examination of the fish 
of Central Asia and of India <widence is adduced in support of the earlier 
conclusions that the two fish faunas are very distinct from each other. 
The physical factors governing fish life in Central Asia and on the south- 
ern face of the Himalayas are discussed and it is shown that the fish of 
the two regions are adapted to suit the nature of their* respective streams. 
The characteristic features of the two fish faunas are examined and their 
close correlation to environmental factors is indicated. The probable 
origin of the two faunas is described and it is shown that though the 


^ Hora, S. L. — Geographical Distribution of Indian Freshwater Fishes and its bear- 
ing on the Probable Land Ck)nnections between India and the Adjacent Countries. 
Curr. Set., V, pp. 351-366 (1937). 

‘Gregory, J. W. — ^The Evolution of the River System of South-Eastern Asia. 
Scottish Oeog. Mag., XLI, pp. 129-141 (1925). 

•Gregory, J. W. and Gregory C. J. — ^The Alps of Chinese Tibet and their Geogra* 
phical Relations. Ocog. Joum., LXf, pp. 153-179 (1923). 
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Central Asiatic and the Indian faunas are derived from the same source 
in south-eastern Asia, especially Yunnan, the former probably became 
(JifFerentiated at an earlier age when the parental stock was of a genera- 
lised nature, whereas the fauna of the »southern face of the Himalayas 
was d<*rived from a younger and more vigorous stock which had already 
become specialised in so utli -eastern Asia for life in torrential streams. 



DISTRIBUTION OF HIMALAYAN FISHES AND ITS BEARING ON 
CERTAIN PALAEOGEOGRAPHICAL PROBLEMS. 

By Sunder Lal Hora, D.Sc., F.R.S.E., F.N.I,, Assistant Superin- 
tefident^ ZoologicaLSurvey of India, Calcutta. 

The physical and biological factors that govern the life of a torrential 
fauna^ are of a very special nature and tend to restrict the distribution 
of hill-stream animals. Of the various physical factors, two are of 
special significance, the rapidity of the current and the consequent high 
percentage of dissolved air in mountain brooks. In response to the 
former, the organisms have developed various types of adhesive devices 
to prevent being washed away by the strong currents and spend most of 
their life clinging to rocks and boulders, while the greatly flattened or 
torpedo-shaped body presents a stream-lined form to the rushing current. 
As an adaptation to the high pen^entage of oxygen in those waters, the 
respiratory organs are reduced, for in such habitats (‘ven a comparatively 
much smaller area is sufficient to absorb enough oxygen for the require- 
imuits of an organism. Hill-stream animals are, as a rule, not suited for 
existence in muddy, sluggish water, and undm* such conditions usually 
die through asphyxiation within a very short period. As an example 
of biological factors, attention may be directed to the fact that the 
juajority of the hill-strearn fishes feed by scraping off algal slime and 
insect larvae that encrust rocks and stones, and consequently their mouths 
and jaws are specially modified for this purpose. It is obvious that the 
same metliod of feeding cannot be employed on a muddy substratum. 

The distribution of the highly specialised hill-strearn fishes, thenj- 
fore, cannot be affected by the ordinary methods of dispersal along 
water ( hannels, because the nature of the substratum^ and the rapidity 
of the current are very potent factors for the existence of these animals. 
Their distribution along a mountain range has to be explained in terms 
of river-captures, longitudinal river valleys or tilting of mountain blocks 
so that the courses of the streams may alter without impairing their 
torrential nature. The distribution of the southern Himalayan fishes 
shows that all the three processes have been responsible in varying 
degrees for the dispersal of the fish fauna in this region, and that the 
Himalayan uplifting movement, though it may have been fairly uniform 
in the beginning over large areas, certainly became localised towards 
the end. Through the influence of these unequal orogenic movements, 
extending from the middle Eocene to almost within, geologically speak- 
ing, recent times, the Himalayas became hydrographically divided into 
a number of units which can be roughly demarcated with the help of their 
fish faunas. It is the object of this article to elucidate the probable 


^ Hora, S. L. — ^Ecology, Bionomics and Evolution of the Torrential Fauna, with 
special reference to the organs of attachment. Phil. Trane. Roy. Roc. London, B, 
deXVm, pp. 171-282 (1930). 

* Hora, S. L. — ^Nature of Substratum as an important factor in the ecology of 
Torrentied Fauna. Proc. NaJt. Inet. Sci. India, H, pp. 45-47 (1936). 
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boundaries of these hydrograpliical divisions of the Himalayas. Evi- 
dence is also adduced from the nature of the lish faunas of the north and 
south faces of the Himalayas to discuss whether the present-day drainage 
of the Himalayas is evolved from an ordinary “ consequent drainage 
i.e., the rivers flowed north or south of the crest, or is the result of an 
“ antecedent drainage Observations are also made regarding the 
existence of the so-called “ Indobrahm ’’ or the “ Siwahk River ” of the 
Tertiary period. 


Distribution of Fishes along the southern face of the 
Himalayas. 

I^jcologically, tlie Himalayan fishes can be divided into several cate- 
gories and in discussing their geographical distribution it is well to bear 
in »!und tlieir respective associations. For instance, several species of 
Barbaa Cuvier and Labeo Cuvier occur all along the Himalayas, but 
essentially they are forms of the plains which live in pools or deeper 
portions of the streams of the Himalayan foot-hills ; some of them 
maintain themselves in swift currents through sheer muscular efforts. 
Orvinus McClelland, on the other hand, represents the Central Asia’tic 
element on the southern face of the Himalayas ; it spreads from Afghan- 
istan, along the whole of the Himalayas and the contiguous ranges of 
lulls, to souih-east(*rn China. So faT as is knowti, the lislies of this genus 
appear to be strictly residents of rivers in hilly regions, neitluT descend- 
ing fa4’ into the plains nor occurring on level plati‘aux on the summits of 
mountains. Unlike the other Schizotlioracina(\ lh(‘ir mouths ar(‘ pro- 
vided with an adhesive device which enables them to rc'sist being wash(‘d 
away in mountain torrents. Oreinus is a trout-like muscular fish and 
seems to have evolved from stocks SchUothonix Heckel that may have 
been washed down from the Trans-llimalayan sections of some of our 
modern rivers. 

A group of genera,^ comprising Crossochilus van Hass., Semijdotus 
Jileeker, Ckaca Cray, Sisor Hamilton, Lciocassis Jileeker, Ga-gata Bleekcr, 
Nangra Day, Bagarius Blceker, etc., is found in the streams of the foot- 
hills in comparatively deeper and less rapid-flowing waters ; while 
Loaches or Loach-like cat-fishes, such as Nemaohilus van Hass., Lepi^ 
({occplialickthys Blceker, Amnihophthalmm van Hass., Bomileptes Swain- 
son, Acanihopsis van Hass., Olgra McClelland, Amblyceps Blyth, Ere- 
ihistes Mull, and Trosch., Parasilurus Bleeker, etc., live among pebbles 
and stones at the bottom and escape the effect of the rushing current. 
Though Garra Hamilton and Glyptothorax Blyth are provided with 
adhesive devices they are found both in torrential streams and in streams 
with moderate currents. These are essentially rapid-water forms, but 
have taken secondarily to slow waters. The typical torrential genera 
are Pseudecheneis Blyth, Exostoma Blyth, Euchiloglanis Regan, Balitora 
Gray and certain species of Psilothynchus McClelland ; these are res- 

^ Attention may also be directed to the amphibious, marsh-loving fishes of the genus 
Ophicephulu^ which are sometimes found at the sides of mountain streams in burrows 
and are not affected by the strength of the current. These are found throughout the 
plains of south-eastern Asia and are capable of wriggling about on wet ground. 



263 


1937.] S. L. Hora : IHstnbution of Himalayan Fishes. 

tricted in their distribution to very fast flowing waters, and are accord- 
ingly the most highly adapted forms for life in mountain brooks. 

Before di.scnssing the distribution of the genera cmimcrated above, 
it .seems worth while to form .s«)me eoneepl ion of t he age and geographical 
divisions of the Himalajas. According to Burrard, Havden and Heron 
(p. 8G)i, 

'* Though the wlK)h‘ length of tlio great Himalaya range lielongH to one geological 
age, yet the Punjab Himalaya are auppoac'd to have arisen at a somewhat later date than 
the Ncjail Himalaya. The presence at elevations of 16,000 feet in the Punjab Himalaya 
of immmulites indicate.^ that this portion of the range did not emerge from the sea till 
comparatively recently.” 

Tt is further stated that 

“ The rocks of the Siwalik range are stratified and dale from the later half of the 
Tertiary ])eriod ; those of th(‘ outfi* Hinulhya are stratified also but are very much 
older.” 

For (loscriptivo purposes the totul leiigtli of tlio Himalayas from 
Nameha Baiwa in the east to Nau"a Parbat ou tlie west, about 1,500 
miles, is divided into four sections by three meridional lines, (i) The 
Tista, (ii) The Kali and (iii) The Sutlej. Tlie easternmost sietion, 
about 450 miles, is know’n as the Assam Himalayas, the next section 
of about 500 miles is the Nepal Himalayas, tlu'u a length of about 200 
miles is the Kumaon Himalayas and tlie last about 350 miles form the 
Punjab Himalayas, 

“ Whilst in all the four partH the great range rises like a wall and the outer ranges 
t(‘nd to run parallel to it, no one portion of the Himalaya resembles another.” 

” Tn Nepal we find numerous rivt'rs cutting across the Great Himalaya range ; in 
the Punjab between the Sutlej and th(' Indus we do not find on(\ Tn Nepal the great 
peaks stand in clusters and rows ; Die great peak of the Punjab stands in solitude.” 

In considering the distribution of fishes along the south face of the 
Himalayas, there is one fact which appears most striking at the very 
outset, 7 .r., the groat variety of forms tow^ards th(‘ east as compared with 
the case of the W'Ost. For instance, in tlie Brahmaputra and the Tista 
drainage systems all the genera of fishes enumerated above are found ; 
while towards the west in the Gangetic drainage system W’^e only find 
Chaca, Amblyccps, Bagarius, Glyptothorax, Erethisies, Gagata, Nangra, 
Lepidocephalickthys, Nemachilus, Garra and Sentiplotus. Not one of 
these genera represents a highly specialised torrential form, and, with 
the exception of Gagata, Nangra and Se 7 nipl()tm^ all are widely distri- 
buted in the Oriental Region ; the range of Nemachilus. Garra and 
Glyptothorax extends for a considerable distance towards the west. 
There is one genus of large Catfishes— Hamilton — which was re- 
corded by Day from both the Indus and the Ganges systems ; but it was 
found by Shaw and Shebbeare and Mukerji to occur also in the Tista river. 
In the Punjab Himalayas or the Indus drainage system Chaca, Ere- 
thistes and Semiplotus are absent. Unfortunately no systematic account 
of the Himalayan fishes has so far been published, and in the case of 
old records precise localities are not mentioned. In the case of Serni^ 
plotus, however, it may be noted that Day gave its distribution as 
“ Assam, and Chittagong Hill ranges, as well as Burma ”, but recently 


^ Burrard, S. G. and Hayden, H. H . — A Sketch of the Geography and Geology of the 
Himalaya Mo^ivtains and Tibet. 2nd Edition, revised by Burrard, »S. G. and Heron 
A. M. (Delhi : 1933). ' 
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P recorded aS. semiphtus (McClelland) from the portion of the Nepal 
Himalayas drained by the Gandak. Though our present-day knowledge 
of the distribution of the Himalayan fishes is very imperfect, it is doubt- 
ful whether tlie special forms of the Assam Himalayas, such as Balitora, 
Psilorhynchus, Parasilurus, Olyra, Psetulecheneis, etc., will ever be found 
in the western Himalayas. These very genera or some other closely 
allied forms are found in Burma, Southern China, Siam, the Malay 
Peninsula and the Archipelago and Indo-China on the one hand and in 
the hills of Peninsular India on the other. It seems remarkable that the 
distribution of these eastern forms, instead of being continued along the 
Himalayas, is deflected from the limits of the Tista drainage towards the 
south. This most striking feature in the distribution of Indian fishes is 
explained later (vide infra, p. 256). 

The records of distribution of the Himalayan fishes, as given above, 
support tlie hypothesis tliat P have suggested elsewhere regarding tlie 
eastern origin of the freshwater fish fauna of India. The above series 
of genera represents various phases of migration of the fauna. For 
instane^c, in the case of such widely distributed genera as Barbus, Laheo, 
Garra, Ncmachilus, Lepidocrphaliehthys, Bagarius, Amblyceps, etc., one 
has to imagine a large, d(‘(p river in low hills fed by small, broad, rocky 
tributaries. The wide distribution of these genera along the entire 
length of the Himalayan foot-hills shows furtlier that such a river must 
have had a longitudinal course, like that of the Trans-Himalayan sections 
of the Brahmaputra and the Indus. It was, no doubt, during this type 
of drainage of the Himalayas that the' large* river fishes of India, sucli as 
Catla (represented in Siam .lud Indo-China by Carpiocatla Boulenger), 
Uirrhina, large-s(;aled Barbels, WalJago Bleeker, Siloniu Swainson 
(replaced in Siam and Indo-China by Pangasianodem Chevey), Pangasius 
payigasius (Ham.), etc., could spread almost all over India. The pre- 
sence in the Ganges, Brahmaputra and Indus of identical species of 
freshwater dolphins and turtles also shows the course and nature of this 
mighty river. Thus the distribution of the freshwater fish fauna of 
northern India lends a strong support to the existence of a river of the 
type of the Indobrahm, envisaged by Pascoe® and Pilgrim^. From the 
geological evidence it is concluded by these authors that such a river 
existed even in the Eocene period. Its lower course is evident from the 
distribution of the boulder conglomerates, but the position of its head- 
waters is a matter of mere conjecture. It is stated that the headwaters 
of the Indobrahm consisted of the Assam portion of the present-day 
Brahmaputra. Dr. C. S. Fox of the Geological Survey of India has 
pointed out to me in a note that this cannot be the case as 

“ A marino gulf in Burma and Upper Assam in Cretaceous times became an estuary 
in the Eocene and the mouth of a very important river in the Miocene. I do not see how 

^ Hora, S. L .—Notes on Fishes in the Indian Museum, XXTX. On a Collection of 
Fish frtnn Nepal. Itec. Ind. Mvs., XXIX, pp. 45, 46 (1937). 

* Hora, S. L , — Geographical Distribution of Indian Freshwater Fishes and its bear- 
ing on the probable land comiections between India and the adjacent countries. Ctirr. 
Scu, V, pp. 361-356 (1937). 

* Pascoe, E. H. — Early History of the Indus, Brahmaputra and Ganges. Quari. 
Journ. (hoL Soc., LXXV, p. 136 (1919). 

* Hlgrim, G. E. — Suggestions Concerning the History of the Drainage of Northern 
India, fovm. As. Soc. Bengal (N. S.), XV, p. 81 (1919). 
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the debouchure of a river into a delta can become the source of a river that is to go to 
sea all the way round the Himalayan foothills to the Indus.” 

In the same note he stated that 

“ It is probable th.at as the old geosyncline of the Himalayan belt was folded up 
into a mountain chain a depression was established ])arallel to it to the south. In the 
swampy country the rivers from the rising hills discharged, and their silt was spread 
out laterally into great alluvial fans. It is these Siwalik deposits of freshwater fluviatile 
deposition that have been joined up lengthways, along the axis of the depression, and 
thus have supplied material for the belief in a Siwalik river.” 

This view is, however, disputed by Wadia' who has drawn attention 
to the remarkable homogeneity and uniformity of the Siwalik deposits 
all along this strike, from Assam to the Punjab. This strike continuity 
is inconsistent with the fan theory of deposition at the mouths of isolated 
transverse streams and is best explained by deposition in a continuous 
longitudinal basin of a wide east-west flowing river. 

Without going into the geological merits of the case, it stiems clear 
that the distribution of freshwater fishes, as indicated above, postulates 
the existence of a mighty river of the nature of the Tndobrahm.^ This 
river at an early stage of its existence certainly did not have its head- 
waters in the Assam portion of the present-day Brahmaputra, but it 
must liave crosse(l the broad isthmus that joined India with the main 
Asiatic continent and liad its headwaters further ea.st. The distribution 
of the large freshwater river fishes of the Oriental Region (vide supra, 
p. 254) can only be explained on this assumption. Even the occurrence' 
of precisely the same river fishes, especially of tlio giant forms as Catla 
catla (Ham.), Laheo rohita (Ham.), Cirrhina mrigala (Ham.), Wallago 
attu (Bloch), Pangasias pangasias (Ham.), Silonia silondia (Ham.), and 
others in Burma, Assam, Bengal, the United Provinces, the Central 
Provinces, Orissa and the Punjab postulates the existence of a large, 
longitudinal river and its subsequent divisions into several independent 
watersheds. As the Himalayas rose to a great height in the region of 
this isthmus (mostly the western part of the Assam Himalayas and 
eastern part of the Nopal Himalayas) all the evidence conc(*rning the 
north-eastward extension of the Indobrahm seems to have been obli- 
terated. The uplift movement was probably most active in this region 
as we find practically all the highest peaks of the Himalayas clustered 
round this area. This differential movement, w^hich probably occurred 
late in the Miocene period, must have obliterated all traces of the east- 
ward extension of the Indobrahm and also acted as a barrier between 
the eastern and the western Himalayan fishes. The new stocks of 
specialised hill-stream fishes from the east, not finding means to cross 
this barrier, were deflected towards south-west along the Satpura Trend 
which probably at this period stretched across India as a pronounced 


^ Wadia, D. N. — The Tertiary Geosyncline of North-West Punjab and the History 
of Quaternary Karth-movements and Drainage of the Gangetic Trough. Q, J. OeoL 
Min. Met, Soc. Indii, IV, pp. 69-96 (1932). 

2 Evidence of the existence of the Indobrahm is also furnished by “ the tendency 
of the tributaries of the supposed Indobrahm to flow in a direction opposite to that of 
the modem trunk river. If but one feeder has been observed to take a course contrary 
to that of the main stream, it might have been attributed to some local accident of topo- 
graphy, but when all the principal affluents of a long section of the river do so, it is indi- 
cate that the Indobrahm flowed from east to west, when the tributaries were dcvelo]}ed, 
and that its direction of flow has been reversed.” (Burrard, Hayden and Heron, op, 
eit., p. 349.) ' 
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range' from Gujarat to the Assam Himalayas. From Gujarat the 
hill-stream fauna migrated towards the south along the Western Ghats 
and spread to tin; hills of the Peninsula in the extreme south. It may 
liere be noted tliat the. Indolirahm fauna of moderate, deep currents 
does not extend to the south b(dow the Kistna river, while the 
torrential fauna of the Eastern Himalayas is represented in the hills 
of the extreme south of the Peninsula by forms sueh as Silurus Linn., 
Bhavania Hora, Parapdlorhyiichus flora, ThynnicJuhys Bleeker, etc. ; 
it is not found in Ceylon, for the island Itad by then become separated 
from the mainland. Further, it has no representative in Africa, 
because the main land bridge between Peninsular India and Africa had 
already disappeared during the Eocene period, though a mass of land 
in the region of the Gulf of Oman probably existed till Pliocene or 
possibly even Pleistocene times. ^ This course of events, in my 
opinion, explains the anomalous distribution of the various hill-stream 
fishes of India, and suggests a reason for the closer similarity of the. 
South Indian fish fauna with that of the Malay Peninsula and the Archi- 
pelago. 

To the west of this supposed barrier in the Eastern Himalayas the 
hill-stream fauna is composed of ordinary rapid water fishes ; most of 
the genera are more or less uniformly distributed all along the range. 
In the Nepal Himalayas, however, the easbnn element, Semiplotus, 
Chaca and Erethisles, is more pronounced. The last two genera extend 
up the Ganges system and are absent from the Punjab Himalayas. 
The Punjab Himalayas, being furthest from the source of distribution, 
has the least number of hill-stream forms in its fauna. It may, there- 
fore, be presumed that at the end of th(! Kumaon Himalayas or some- 
where in that region there is probably another barrier, which isolated 
the fauna of the I’unjab at a fairly early age. This conclusion is justified 
by the detailed studies recently carried out by Mukerji^ and Hora“ on 
the specific position of some, of the Himalayan fishes. The isolation of 
the Punjab Himalayan forms may have resulted through the differential 
earth-movements which elevated the Potwar basin into a plateau and 
led to further dismemberment of the Indobrahm into the Indus and 
the Ganges systems of the present-day drainage of the Himalayas. In 
any case, this barrier must have been formed at a later date and is not 
contemporaneous with the Eastern Himalayan barrier. This presump- 
tion is based on the fact that after the formation of the Eastern Himalavan 
barrier there was for some time no river of the nature of the Ganges 
flowing into the Bay of Bengal to divide the Peninsula from the Extra- 
Peninsula : such a river, if it had existed, would in itself have acted as a 
barrier and have inhibited the dispersal of Himalayan fishes to the hills 
of the Peninsula. It is thus seen that the Indobrahm must have con- 
tinued to flow towards the Arabian Sea even after the severence of its 


® Mukerji, D. D.— Report on BurmeBe Fishes collected by Lt.-Col. R W Burton 
from the tributary streams of the Mali Hka river of the Mvitkvina Diatrict /rlnXl!. 
Burma). J<mm. Bombay Nat. HM. 8oc., XXXVII, pp. 49-59 ^ 1 ^ 4 ^ 

» Hora, S. L.—On a further Collection of Fish from the Naaa Hills 
XXXVIII, pp. 320-324 (1936), 
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connection with the Far East ; its dismemberment seems to have occurred 
in several stages. After tlie formation of the Eastern Himalayan barrier 
its headwaters may have been in the Nepal Himalayas. A later up- 
heaval probably divided it into a westerly flowing Indus and an easterly 
flowing Ganges. The formation of this drainage pattern has a counter- 
part on the northern face of the Himalayas also, namely, the reversal 
of the direction of flow of th^ Tsangpo towards the east and the westerly 
flowing Indus. 

From the distribution of tlie fish fauna along the southern face of 
the Himalayas it is thus possible to rec<»gnise three well marked divi- 
sions — the Eastern Section up to and including the drainage basin of 
the Tista river, the. Middle Section up to the Sutlej river and then the 
Western Section comprising the entire drainage basin of the Indus.. 
The precise boundaries of these sections can only be demarcated when 
our knowledge of the various Himalayan species and their races becomes 
more exact. It may be indicated that the Jumna river >vas a tributary 
of the Sutlej not very long ago, though it now joins the (ilanges. The 
oscillation of the Jumna makes it still more dillicult to define the various 
sections without a proper survey of the fish fauna of the Himalayas. 

Himalayan Fishes and their bearing on the Evolution of the 
Present-day Drainage System of the Himalayas. 

With the exception of Oreinus and Nemuchilus, none of the genera 
enumerated above are found on the northern face of the Himalayas, the 
fish fauna of which comprises the Scliizothoracinae, Glyptoslernum 
McClelland and Nemacliilus. In another j>lace D have shown that the 
Nemachili of the northern and the southern faces of the Himalayas 
are very distinct from each other and that Glyplosternum is very different 
from the other Glyptosternoid fishes found in Siam, S. China, Burma 
and the Eastern Himalayas. Oreinus is a mountain form of Schizolhorax 
Heckel and is only found along the slopes of the Central Asiatic plateau, 
but not on the tableland. In fact, it may definitely be stated that 
there is. no similarity between the fish faunas of the northern and the 
southern faces of the Himalayas. To account for this I have suggested 
that the two faunas were probably evolved from the same stock at 
different geological ages and owing to the barrier provided by the rising 
Himalayas had little chance to intermingle. The deep gorges and 
rapids in the course of certain Himalayan rivers with trans-Himalayan 
courses still isolate the tw^o fish faunas from each other. 

With regard to the evolution of the present-day Himalayan drainage 
pattern tw o alternative theories have been advanced. 

“ One of the theories postulates that at an early age the Himalaya had ordinary 
consequent drainage, the rivers flowing north and south from the crest. This simple 
drainage pattern is considered to have been modified to its present form by some of 
the south-flowing rivers cutting back through the range and ca])turing rivers on the 
Tibetan side. The much greater precipitation on the south side of the range and the 
much steeper fall and therefore greater erosive power are put forward as possible reasons 
for the unusual behaviour of the south-flowing rivers. The alternative theory postulates- 
that the Arun and similar rivers always had their present courses which, when they 
were inaugurated, were the easiest routes down an irregular surface sloping towards the 

^ Hora, S. L. — Comparison of the Fish-Fauna of the northern and the southern 
faces of the great Himalaydn range. Rec. Ind, Miu,, XXXIX, pp, 241-250 (1937). 

H 
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Oangetic plain. Subsequently the Himalayan range is considered to have risen up 
across the rivers, but so slowly that by vigorous erosion they were able to keep open 
their original channels.”^ 

The distinctness of the northern and the southern fish faunas of the 
Himalayas definitely favours the former view. If the rise of the Hima- 
layas had been so slow as to enable the rivers to keep open their channels 
by vigorous erosion there vsliould have been little or no difference in the 
fish faunas of tlie cis- and trans-Himalayan portions of such rivers as the 
Brahmaputra, the Arun, the Sutlej, the Indus, etc. On the other hand, 
there is every reason to l)elieve that the rise of the Himalayas was in 
sharp orogenic movements so that the fishes of the southern face of the 
range were unable to ada]>t themselves to very turbulent waters and 
have, even to this day, remained confined to low valleys and are rarely 
found above an elevation of fo’.:r to five thousand feet. In this con- 
nection it may also be remoniluued that the so-called Indian monsoon 
conditions — south-west for four months and north-east for three or 
four months— had begun before the Himalayas started to rise, as in 
the late Cretaceous period open seas of great extent existed to the south 
of India and some land had been formed to the north. The rise of the 
Himalayas had a great influence on the distribution of rainfall, for 
most of the moisture* is now precipitated on its southern face ; and 
there is practically no rainfall on tlie northern face of the Himalayas. 
Consequently, the riveis along the southern face are very turbulent 
while those on the northern face are placid, broad-valleyed and deep. 
Very different s('ts of ('cological conditions were thus produced on the 
nortlu'rn and southern bu'ts of the Himalayas and these became accen- 
tuated as the mountains rose higher and higher. 

When the south-flowing riv(*rs, through erosion captured the rivers 
on the Tibetan side it was natural thcat some of the fishes on the 
Tibetan side should have been washed down on the southern side, but 
they had to pass through such precipitous channels before reaching 
congenial conditions that with the exception of one genus of the 
Schizothoracinae — Oreinus, a specialised member of the subfamily fully 
adapted for life in rapid, mounrain streams— no other member of the 
Central Asiatic fauna has been able to colonise the southern slopes of the 
Himalayas. 

The migration of torrential fishes along the southern face of the Hima- 
layas and from the Eastern Himalayas to the hills of the Peninsula 
shows that the process of river-capture was a fairly common phenomenon 
in this territory and also in the region of the contiguous hill-ranges to 
the east. The distribution of specialised hill-stream fishes strongly 
suggests that in soutli-easterii Asia, as a rule, the rivers on the west 
beheaded the rivers on the east^ and thus effected the transference of 
the fish fauna from the east to the west. 

Summary. 

The physical and biological factors that govern the life of a torrential 
fauna are examined and it is indicated that the distribution of highly 

^ Wnger, L. R.— The Arun River Drainage Pattern and the rise of the Himalayas. 
€eog. JourtK, LXXXlX,pp.. 239-250 (1937). ^ 

■Oregory, J. W.— The Evolution of the River System of South-Eastern Asia. 
Scottish Oeog, Mag.y XLI, pp. 129-141 (1925). 
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specialised hill-stream fishes cannot be effected by the ordinary methods 
of dispersal ; it has to be explained in terms of longitudinal valleys, 
river-captures and tilting of mountain blocks. 

The distribution of the fish-genera along the southern face of the 
Himalayas is discussed in terms of the ecological associations of the 
dififeront types, and it is indicated that at a very early period of the 
rise of the Himalayas a mighty longitudinal river must have existed 
along: its base. This river probably corresponded with the * Indobrahm ’ 
of Pascoe and Pilgrim, but the distribution of lislies shows that it must 
have extended towards the Far East. From the distribution of various 
fishes the probable phases of dismemberment of this river are indicated, 
and it is explained how the Himalayas became divided hydrographically 
into three main divisions— the Brahmaputra, the Gang(\s and the Indus 
drainage systems. 

The almost total dissimilarity between the northern and the southern 
Himalayan fishes is indicated, and it is concluded therefrom that the 
present-day drainage pattern of the Himalayas (cannot have resulted 
from an antecedent drainage, according to which the Himalayan range 
is coiisidered to have risen up across the rivers which kept their original 
channels opcm by vigorous (erosion, but is tin? result of consequent 
drainage, of which tlie southern rivers captured the rivers of the north 
■sec’ondarily. 




SCIENTIFIC RESULTS OF THE YALE NORTH INDIA EXPEDITION. 

Biological Report No. 21. 

Aquatic and Amphibious Molluscs. 

By Baini PravShad, D.Sc,, F.R.S.E,, F.RA.S.B., F,L.S., F.Z,S,, F.N.L, 
M.B,0,U., Director, Zoological Survey of India, Calcutta, 

Introduction. 

Mr. 6. E. Hutchinson, the biologist attached to the Yale North India 
Expedition, entrusted to me for report the collection of freshwater 
molluscs, including amphibious molluscs of the family Succincidae. 
The collection was made mainly in the Kashmir Valley and Western 
Tibet and comprises representatives of the families Valvatidae, 
Amnicolidae, Lymnaeidae, Planorbidae, Succineidae, and Corbiculidae. 
As was to be expected, the fauna of this area is entirely Palacarctic ; 
almost all the species represented arc truly Palacarctic forms, but in 
a few cases special local races of some of the species have evolved 
in the area under consideration. 

In all 17 species are represented in the collection and in the case of 
two species of the genus Lymnam a number of distinct forms were 
found in the collection. 

The main interest of the collection is a new species of the genus 
Sphaerium which I describe below as Sphaerimn kashmirensis. Another 
species is represented by two young shells, but with the limited material 
available I have not considered it right to describe it as new. 

In the case of all species, as complete references as possible to the 
literature dealing with molluscs of the area under consideration are given. 
References to monographic works in which detailed accounts of the 
different species are already available, are also included. 

In addition to the collections made in the Kashmir Valley and 
Western Tibet, Mr. Hutchinson collected a few molluscs at Calcutta, 
some places in the Punjab and in the Nilgiri Hills. These are dealt with 
in the Appendix at the end of the paper. 

My sincere thanks are due to Mr. G. E. Hutchinson for affording 
me the opportunity of studying this interesting collection. I have also 
to offer my apologies for the delay in the preparation of the report, but 
this has been inevitable owing to pressure of official work. 

GASTROPODA. 

Subclass PROSOBRANCHIA, 

Family Valvatidae. 

Thiele^ in his monograph included Andrusovia Brusina* from the 
Caspian Sea with Valvata 0. F. Muller as a second genus of the family 

^Thiele, J. Handb, Syst, Weichtierk. 1, p. 121 (1929). 

• Brusina in Westerlund, C. A. Rad, Jugoslav, Akad, CLI, p. 133 (1903). I have 
not seen this work* 
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Valvatidae. lu the same work he has suggested dividing the genus 
Valvata, as generally accepted by most workers, into a number of sec- 
tions. I, however, am not adopting this division, as the differences 
between the various sections do not seem to be sufficiently marked for 
assigning the species to these sections. 

Genus Valvata 0. F. Muller. 

1774. Valvaltx, Muller, Verm. Terr. Fluv. Hist. II, p. 108. 

1926. Valvata, Kennard & Woodward, Synonymy Brit. Non-Marine Moll. p. 27. 

1927. Valvata, Pilsbry & Becpmert, Bull. Amer. Mu». Nat. Hist. LlII, p. 243. 

For the synonymy of the genus reference may l)o made to Kennard 
and Woodward, while the characteristics of the animal and shell are 
described in detail by Pilsbry and Bcquaert. 

In the collection before me the genus is represented by V, pisdnalis 
(Muller), which is widely distributed in Europe, Asia Minor, Northern 
Asia and Kashmir. 

Valvata piscinalis (0. F. Muller). 

1774. Nerita jnscinalis, Miillor, Verm. 7'err. Fluv. Hist. II, p. 172. • 

1878. Valixita piscitudis, Nevill, Sri. Bes. Second Yarkand Mission, Moltuaca, 

p. 12. 

1882. Valvata piscinalis var. amhigua, von Martens, Mem, Acad. Imp. Sci, St, 
Pciersbourg (7) XXX (No. 11), p. 48. 

1910. Valvata piscinalis, Weber, Zool. Jahrh. Sysi. XXIX, p. 307. 

1020. Valvata pischialis, Kcmmrd & Woodward, Syyionymy British Non-Marine 
Moll. p. 27. 

1035. Valmta piscinalis, Mozley, Trans. Hoy. Soc. Edinburgh, LVIII, p. 612, 
pi. ii, fig. 7. 

Valvata piscinalis is represented in the collection from the following 
localities : — 

K 5(2) . . Bren Spur, Lokufc Dal Lake, KaHhmir ; 8 complete and a broken 

alt. ca. 6,200 ft. (Bren terrace expo- shell, 
sure). 

— Same locality , . . . ,3 largo well preserved but 

weathered shells. 

K 10(2) . . Exposure along bank of «)helum Kiver 2 complete shells embed- 

bclow Pampur, Kashmir ; alt. ca. 6,200 (led in dried mud, with 
ft. I^ower 8hell-Bed. 25.iii.32. a fragmentary shell of 

I/ymnaea sp. 

K 24 • . Niahat Bngh, Kashmir ; alt. ca. 5,200 ft, 4 fresh shells. 

In a pond. 7.iv.32. 

K 42(a) • • Wular Lake, Kashmir : alt. ca. 5,180 ft. I fresh shell. 

Littoral at Kiuhnus. 17.iv.32. 

K 42(6) . . Also dredged in 1*5-2 metres of water. 16 fresh 8i)ecimen8. 

18. iv. 32. 

— Top Shell- Bed between Man and Spang- 6 bleached shells, 

mik near Panggong Tso, W. Tibet. 

1. vii. 32. 

The specimens from the pond at Nishat Bagh — St. K. 24, those col- 
lected from the littoral zone of the Wular Lake (K 42a) and those 
dredged in the same Lake from a depth of l'5-2 metres, are of a greenish 
colour with the surface rather dull and rough. They agree in all respects 
with European specimens and shells from the Pankong Lake, Yarkand, 
recorded by Nevill. 
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The specimens from Bren Spur, Lokut Dal Lake — St. K 5(2) are 
all weathered shells, mostly well preserved, which were dug out of dried 
earth. These specimens resemble the ones from Nishat Bagh, but are 
somewhat larger in size. 

The five shells from the Top Shell-Bed between Man and Spangmik 
near Panggong Tso, W. Tibet, arc all bleached and partly weathered. 

Family Amnicolidae. 

I have followed Pilsbry and Bcqiiaert^ in adopting the family name 
Amnicolidae for Hydrobiidae and Paludcstrinidae of older authors. This 
very large family is found almost all over the world, more particularly 
in the temperate and tropical zones. 

In the collections before me it is represented by two subgenera of 
Bulimus Scopoli, Bulitnus s. s. and Alcinma Annandale Prashad. The 
genus Buliymis is a representative of the subfamily Biiliminae, members 
of which are distinguished by the possession of a solid, mainly calcareous, 
and largely concentric operculum which is too large for retraction into 
the peristome, and is, thendbre, lodged at its edge. 


Genus Bulimus Scopoli. 

1777. Bulimus^ tScopoli, Inlrod. Hist. Nat. p. 392. 

1927. BulimvSf Pilsbry & Bequaert, Bull. Aimr. Mus. Nat. Hist. LIII. 

1928. Bulimus^ Rao, Bee. Ind. Mas. XXX, p. 427. 

1929. Bithyniay Rao, Rec. Ind. Mus. XXXI, p. 283. 

Pilsbry and Bequaert gave detailed reasons for adopting Bulimus 
Scopoli in preference to Bithynia Leach, and selected Helix tentaculata 
Linn, as its genus type. Kennard & Woodward‘s had a few years earlier, 
after reviewing the opinions of otlier workers, suggested that “ Bulimus 
was an obvious mistranscription for Btdinus ; it must be treated as such, 
and discarded in future literature In view of this Kao reverted to 
Bithynia in place of Bulimus in his second paper cited above. The matter 
was referred to the International Commission on Zoological literature, 
by Dr. H. A. Pilsbry, and in accordance with its decision. Opinion 116, 
Bulimus Scopoli with its genotype Helix tentaculata as selected by Pilsbry 
& Bequaert must replace Bithynia Leach 1818 with the same genotype. 

Bulimus tentaculatus (Linn.), 
var. kashmiriensis Nevill. 

1885. Bithynia tentaculata var. kashmiriensis ^ Nevill, Hand-List Moll. Ind. Mua, 
II, p. 39. 

1925. Bithynia tentaculata var. kashmiriensiSf Prashad, Bee. Oeol. Burv. Ind. 
LVI, p. 358, pi. XXIX, figs. 2-5. 

A detailed synonymy of the typical form is published by Kennard 
& Woodward®, and a good description with figures is to be found in 


» Pilsbry, H. A. & Bequaert, J. Bull. Amer. Mus. Nat. Hist. LIIT, p. 212 (1927). 
• Kennard, A. S. & Woodward, B. B. Pror. Malacal. Soc. Lmidon, XVI, pp. 125, 
126 (1927). 

” Kennard, A. S. & Woodward, B. B. Synonymy Brit. Non-Marine Molluaca. pp« 
14.16 (1926). I' y » I'P 
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Moquin-TandoD^. Mozley^ in recording the species from Northern Asia 
gives the geographical range of the species as “ Europe ; Northern Asia, 
Kashmir, Punjab east of the River Indus, Annandale & Eao (1923) ; 
parts of North America, both living and in Pleistocene deposits, Baker 
(1928) Other important references to the species are given in my 
part cited above. 

As was stated in my paper cited above, Ncvill gave the new name 
Jcashmiriensis, with measurements of a specimen, to a variety of Bithynia 
tentaculata which he recorded from Kashmir and Srinagar. In the above 
paper I also published the diagnostic characters and photographs of 
Neviirs variety from Kashmir. 

The species is represented in the collection from the following 
localities : — 

^ ^2 • . Wular Lake, Kashmir; alt. ca. 5,180 ft. 3 specimens. 

Littoral at Kiuhnus. 17.iv.32. 

K • • Bakh JJajaii, Kashmir; alt. ca. 5,170 ft. 13 specimens. 

Jhil. 19.iv.32. 

The fresh shells from both the localities are of a dull brownish green 
colour, with the growth lines rather feebly marked, but regular ; the 
suture is more deeply impressed than in the typical foim, and the whorls 
are more tumid. The umbilical chink, though minute, is also more 
marked than in the typical form. 

• Nevill gives the measurements of his specimen as “ Length 7, diam. 
4^ mil.’’ The measurements of the largest specimen from the Wular 
Lake arc 5*4 mm. X 3*8 mm. and of one from Bakh Hajan Jhil 6*3 mm. 
X4*2 mm. 


Subclass PULMONATA. 

Family Lymnaeidae. 

Genus Lymnaea Lam. 

1799. Lyvmaca, Lnmarok, Prodr. Novv. Chs. Coq. p. 75. 

1911. Lywmna, Baker, Chicago Acad. Sci., JSp. Eubl. Ill, p. 134. 

1925. Limnaca, Annandale & Rao, Pcc. Jvd. Mvs. XX\ll, p. 146. 

The synonymy and diagnostic characters of the genus Lymnae arc 
discussed at length in the works of Baker and Annandale & Eao, and 
it is not necessary, therefore, to deal with them here. 

In the collections of the Yale North India Expedition the genus is 
represented by the suhgenera or groups : — 

Lymnaea s. s.— genotype L. stagnalis (Linn.) ; 

Ladix Montfort— genotype L. anriclaria (Linn.) ; and 

Galba Schrank— genotype L. tnmcatula (Mull.). 

•Mo*ley, A. Travg. Tfoy. Soc. Edinburgh, M ill, pj). 608, 609 (1936). 
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Subgenus Lymnaea s. s. 

Lymnaea stagnalis (Linn.). 

1758. Helix stagnalis^ Linne, Syst. Nat. (Ed. X), p. 774. 

1882. Limmiea stngnuHa^ von Martens, Mem. Acad. Imp. Set. St. Petersbourg, 
(7) XXX, No. 11. p. 32. 

1911. Lymnaea stagnalis^ Baker, Chicago Acad. <SVi., Sp. Publ. Ill, p. 136. 

1913. Limnaea slagnalia, Weber, Abharuil. Konig. Bay. Akad. {Math.- 

phys. kl.) XXVI, p. 20. 

1916. Limnaea 8tagnali% Preston, Faun. Brit. Ind. Freshw. Moll. p. 106. 

1925. Limnaea stagnalia, Aimandalo A Rao, liec. Ind. Mas. XXVII, p. 147. 

1935. Lymnaea stagnalia, Mozlcy, Trans. Roy. Soc. Edinburght LVIII, p. 615. 

Mozley lias recently resummarised the geographical range of 
the species as “ the whole of Europe, except Iceland ; North Africa ; 
Northern Asia as well as Afghanistan and Kashmir ; and the greater 
part of North America to the north of 40"^”. Other references to the 
occurrence of the species in Central Asia and particularly in the Kashmir 
area are summarised in my notes incorporated in Annandale and Rao’s 
paper cited above. In the collections of the Yale North India Expedi- 
tion the species is represented by the forms kashmiriensis Prashad and 
minor Kobelt. 


Form kashmiriensis Prashad. 

1925. Limnaea stagnalis race kashmiriensis ^ Prashad in Annandale & Rao, 
Rec. Ind. Mas. XXVII, p. 148, figs. V, 9, 10. 

The race kashmiriensis was described by me in the paper cited above, 
and its anatomy was dealt with by Annandale and Rao in the same 
paper. 

This race was found to be widely distributed in the lakes of Kashmir, 
and in the collection under report it is represented from the following 
stations : — 

K 19 , Gagribal, Kashmir; alt. ca. 6,190 ft. 13 specimens in spirit. 

Closed swamp. 31.iii.32. 

K 15 . Same locality ..... 2 dried shells. 

These specimens resemble in all respects the earlier collections from 
Kashmir. The measurements of the largest specimen are Length 
40 mm. ; breadth 22 mm. ; length of aperture 24 mm. ; breadth of aper- 
ture 12*5 mm. A number of very young specimens in the collection 
seems to indicate that the animals must have been breeding about the 
time (March) they were collected. 

Form minor Kobelt. 

1925. Limnaea stagnalis form minor, Prashad in Annandale & Rao, Rec. Ind. 
Mas. XXVII, p. 150, fig. V, 8. 

For synonymy and description of this race reference may be made 
to my notes in the publication cited above. In the Indian Museum 
it is represented from a pool at Srinagar, Kashmir, and from Shandur 
Lake, Shandur Pass between Chitral and Gilgit, at an elevation of 12,300 
ft. 

The Yale North India Expedition collected specimens of this race 
from the following station : — 

K 46 . Bakh Hajan, Kashmir ; alt. ca. 5, 170 ft. 3 specimens in spirit. 

Jhil. 
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Subgenufi Radix Montfort. 

1910. Radixt Montfort, Conrh. SyM, II, p. 266. 

1911. Radixy Baker, Chicago Acdd. Scu, »Sp. Publ. Ill, p. 178. 

1916. Qulnariay Preston, Faun. Brit. Ind. Freshw. Moll. p. 110. 

1926. Rftdixy Annandale & Rao, Rcr. Ind. Mus. XXVII, p. 150. 

For detailed characters of this subgenus reference may be made to 
Baker’s work cited above. The t 3 rpe of the subgenus is the widely dis- 
tributed Palaearctic species L. auricularia (Linn.). 

Annandale & Kao recorded from India the following four species 
of the subgenus : — L. auricularia (Linn.), L. lagotis (Schrank), L. persica 
Issel and L. hrevicauda Sowerby. In the collections made by the Yale 
North India Expedition there are representatives of all these species 
except L. persica. 


Lirmnaea auricularia (Linn.). 

1758. Helix anriculariay Linn<^, Sysi. Nat. (Ed. X), p. 774. 

1877. Lirnnaea auricularia var. rentricomy Kobelt in Rossmdssler Icon. Latid 

8Us/tw. Moll. V, p. 40, j>l. rxxix, fig. 1244. 

1878. Limnaea auricularia var., Xevill, 8ci. Rvs. Second Yarkand Miaaiony 

Mollvacay p. 0. 

1882. Limnaea auricularia var. vevtricoaay von Martens, i/cm. Acad. Imp. Sci. 

St. Peterabourgy (7) XXX, No. 11, p. 33, pi. iv, figs. 3, 4. 

1910. Limnaea {Quhiaria) uuriculuria var. ventricosoy Weber, Zool. Jahrb. Syst. 

XXIX, p. 601. 

1913. Limnaea auricularia var. ve.nlricoaoy Weber, Abhandl. Konig. Bay. Akad. 

Wiaa. {Math.-phya. W.), XXVI, p. 23. 

1926. Limnaea anrieulariay Annandale & Rao, Bee. Ind. Mna. XXVII, p. 168, 

figs. 1, 2, 4. 

1936. Lymnaca {Radix) aurirularidy Mozley, Trans. Roy. Soc. Ldinburghy I VIII, 

p. 620. 

Mozley summarised the known distribution of thi ^ species as 
“ Europe, as far south as Spain and Italy; Northern Asia ; Afghanistan; 
Kashmir Annandale & Rao recorded it from the Kashmir Valley. 

In the collections made by the Yale North India Expedition there 
are a series of specimens from the following two localities : — 

K 6(2) . Bren Spur, Loknt Dal Lake, Ka.shmir ; 2 broken, bleached ahells. 
alt. ca. 6,200 ft. Exposure Shell- Bed. 

31. iii. 32. 

L 68 . Kyam ; WoHtorn Tibet ; alt. 16,630 ft. Many specimens in spirit. 

Hot Spring. 

The two broken shells from the “ Exposure Shell-Bed ” at Bren Spur 
can be assigned only doubtfully to this species, but the form of the spire, 
the suture and the remains of the body-whorl have led me to this identi- 
fication. 

The scries of specimens from the hot spring at Kyam are all of a small 
size not exceeding 23 mm. in total length, and the shells of most specimens 
have a fairly thick, closely adlioring encrustation of a brownish colour. 

The shell is globose, thin, light brownish with the surface rather 
smooth and shining ^ the last or body-whorl appears in some shells to 
be finely ribbed. Whorls about 3^-4, convex, all well rounded, the la.st 
well expanded especially along the superior margin ; spire very small, 
acutely pointed ; suture deeply impressed, almost channeled ; aperture 
large, ovate, columella gently curved, becoming greatly twisted over the 
umbilical chink. 
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At first I had some doubt about assigning the Kyam specimens to 
L, auricularia, but after carefully comparing them with specimens from 
various localities in the collections of the Indian Museum I have come 
to the conclusion that they represent a dwarfed form of the species, 
probably produced as a result of the peculiar biological conditions pre- 
vailing in the hot spring. 

Lymnaea lagotis (Schrank). 

1803. Buccinum lagotis, Schrank, Fatma Boic4:t, 111, p. 290. 

1874. Limnaea lagotis, von Martens in Fadtschanlco's Reise in Turkestan^ 
MoUusca, p. 26, pi. ii, fig. 22. 

1878. Limnaea lagotis (in part), Nevill, Hci. Res. Second Mission, MoUusca, 
j). 7. 

1882. Limnaea lagotis, von^Martens, Mem. Acad. Imp. Sci. St. Peiersbourg, 
(7) XXX, No. 11, p. 34. 

1904. Litnnam { Radix) lagotis, Kobclt in Rossmdssler Icon. Txind Silssw. MolL 
(N. F.) XI, p. 239. 

1911. Limnaea (Gulnaria) layolis, Andrcac in Fntterer Durch Asien, III, p. 75. 

1913. Litmiaca lagotis, Weber, AbhamlL Konig. Bay. Akad. Wiss. {Math.-phys. 
kl.), XXVI, p. 24. 

1925. Limnaea lagotis, Annandale & Rao, Rcc. Ind. Mas. XXVII, p. 151. 

Annandale & Eao in their paper cited above have discussed at length 
the differences between the shells of L. auricularia and L, lagotis and 
described the five forms of the latter species which occur within Indian 
limits. Four of these, \yiz., striata Andreao, costulata von Martens, 
solidisHWta Kobelt and defilippii Issel are represented in the collections of 
the Yale North India Expedition. 

Form striata Andreae, 

1911. Limnaea {Gulnaria) lagotis var. striata, Andrcac in Futterer Durch Asien, 
111, ]). 75, fig. 

1913. Limnaea lagotis var. striata Weber, Ahhandl. Konig. Bay Akad. Wta**. 
(Math.-'phys. kl.), XXVI, p. 24, pi. i, figs. lOa-d, f. h. 

1925. Limnaea lagotis form striata, Axmamlale & Rao, Rec. Ind. Mus. XXVII, 
p. 153, fig. I, 1. 

Andreae remarked that his new var. strmta from Sulai-ho in the 
Gobi Desert appears to be identical with the form recorded as L. plicatula 
Bens. var. fasaiolata by von Martens^ from Kuko-Nur. He, however, 
considered his form to be a variety of L. lagotis, and this was confirmed 
by Weber and Annandale & Rao. 

In young shells of this form, as is cleai-ly shown by Andreae 's figures, 
there is fairly prominent spire, but in older shells (see figure in 
Annandale & Kao) the spire is very short as compared to the total length 
of the shell. The mouth is ovoid in the young stages, but becomes 
semicircular to auriculate in the adult. The shell bears fine vertical 
striae. 

In the collections of the Yale North India Expedition it is represented 
from the following localities : — 

K 21 . Dal Lake. Kashmir ; alt. ca. 5,190 ft., 3 specimens* 

in about 1*25 metres of water. 11. 
iv. 32. 

K 46 . Bakh Hajaii, Kashmir ; alt. ca. 6,170 ft. 4 specimens. 

Jhil. 19. iv. 32. 

L 16 . 8pitok, Kashmir ; alt. ca. 10,730 ft. 5 shells. 

Deepest pond. 0. vi. 32. 


^ von Martens, E. — Mem. Acad. Imp. Sci. St. Petersbourg, (7) XXX, No. 11, p. 38, 
pi. iv, fig. 10.(1882). 
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From costulata Ton Martens. 

1874. Limnaea lagotis var. costulata, von Martons, Fedtschenko's Reise in Tur- 
kestan, Mollvsca, p. 26, pi. ii, fig. 24. 

1878. Limnaea lagotis var. costulata, Ncvill, Sci. Res. Second Mission, Mollusca, 

p. 8. 

1882. Limnaea lagotis var. costulata, von Martens, Mem. Acad. Imp. Sci. St. 
Peiersbourg, (7) XXX, No. 11, p. 50. 

1925. Limnaea lagotis var. costulata, Annanclalc & Rao, Rec. XXVII, 

j». 1 . 5 : 1 , fig. I, 7. 

This form was described by von Martens as a variety of L. lagotis 
from shells collected in “ Saissan-Sea/’ and was later recorded by Nevill 
from Leh. Nevill further remarked that the form figured by von Martens 
(fig. 22) as L. hgotis also belonged to this form ; in the specimens from 
Leh he found specimens which formed every conceivable connecting 
link,” though the columella “ graduates from even a more rounded shape . 
than figure 22 B to the straiglit (or slightly bent-back) form of figure 
24 A.” Weber^ considered both the varieties costulata and subdisjuncta 
of von Martens to be only variations of striata Andrcae. Annandale & 
liao, with whoso conclusions 1 agree, however, considered this form to 
differ from striata Andrcae in its longer spire and having the mouth loss 
expanded and less variable in shape. The columellar fold is, further, 
a little broader than in the var. striata. 

In the collections of the Yale North India Expedition this form is 
represented from the following localities : — 

K 15, 19 GagrOwl, Kashmir ; alt. ca. 5,190 ft. 7 specimens. 

(Uosed swamp. 31. iii. 32. 

L 14 . Spitok, Kashmir ; alt. ca. 10,730 ft. 4. 1 specimen, 

vii. 32. 

Ji 38 . 3 miles west of Mugleh, W. Tibet ; alt. 15 S|)Ocimcns. 

ca, 13,700 ft. Drying pool with Pota- 
mogclon. 27. vi. ,32. 

L 73 . (^lushol, W. Tibet ; alt. ca. 13,700 ft, 3 specimens. 

2n(l j)oml Ih'Iow village. 9. viii. 32. 

Form solidissima Kobelt. 

1872. Limnaea lagotis var. soUdissima, Kobelt, Malakozool, Bldtt. XIX, p. 77, 

pi. ii, figs. 17, 18. 

1877. Limnaea lagotis var. soUdissima, Kobelt in Rossmdssler Icon. Land 

Sdssu\ Moll. V, p. 38, pi. cxviii, fig. 1242. 

1878. Limnaea lagotis (in part), Nevill, Sci. Res. Second Yarkand Mission, 

Mollusca, p. 7. 

1925. Limnaea lagotis var. soUdissima, Annandale & Rao, Rec. Ind. Mus. 

XXVI 1, p. 1.54, fig.s. I, 3, 5, 

Kobelt in describing the var. soUdissima from a shell from the Hima- 
layas remarked “ Ueber das vorkommen dieser Form habe ich genaueres 
Icider in Erfahrung bringen konnen ; wahrscheinlich sind die Verhalt- 
nisse denen ahnlich, unter welchen L. obliquata vorkommt, und mit 
Sicherheit glaube ich ihre Heimath in cinem See suchen zu miissen.” 
Nevill surmised that Kobelt’s type-specimen of the var. soUdissima 
probably came from Lake Pankong. He apparently considered soli- 
dissima to be a variety of L. lagotis, but from this account it is not clear 

^ Weber^ A.—Abhandl. Konig, Bay. Ahad, ITiw. {M,alh. phys, kU), XXVI, p. 26 , 
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as to whether he is dealing with the typical form of L, lagotis or the var. 
solidissima. Annandalo & Rao remarked on the great variability of 
this thick-shelled form and added that ‘‘ it probably lives in water of 
abnormal chemical composition.” The figures of Kobelt represent a 
young shell, while very good figures of two adult shells showing the major 
variations in the form of the spire and the mouth aperture are published 
in Annandalo & Rao’s paper. 

This form is represented in the collections of the Yale North India 
Expedition from the following localities : — 

L 39 . Tsar Tao, W. Tibet ; alt. 13,950 ft. 28. 3 apccimens. 

vi. 32. 

L 40 . Panggong Tao, W. Tibet ; alt. 13,915 ft. 17 bIicILs (mostly bleached). 

“ Upper Shell-Bod under Moraine,” 

28.vi.32. 

Top Shell-Bed between Man-S})angmik, 21 shells. 

W. Tibet ; bottom shore about I mile 
from western bare end. l.vii.32. 

Top Shell-Bed at Man, W. Tibet. 5.vii. 12 shells. 

32. 

L 72 . Chushol, W. Tibet ; alt. 14,228 ft. 1 specimen. 

Large pond, l.viii.32. 

Near L 72. 14.vii.32 ... 2 specimens. 

Form defilippii Issel. 

1865. Limnaea defilljypit Issel, Mem, Beal, Accad, Sci. Torino, (2) XXIII, 
p. 45, pi. iii, tigs, 62, 63. 

1925. Limrnaea lagotis var. dejitipjn, Annandalo & Rao, Hec. Ind. Mus. XXVII, 
p. 156, fig. 1, 9. 

Issel in describing his species from Lake Goktscha (alt. 5,500 ft.) in 
Armenia remarked that it appears to be intermediate between L, stag-- 
nalis and L, auriculana, wliile von Martens in the Zoological Record for 
1865 (p. 279) added “ almost too closely allied to L. stagnalis L,” NcvilR 
in describing a new variety, sirihulensis, remarked “ This is perhaps the 
most remarkable of the Yarkand species of Limnaea and tho further 
removed from the typical forms of L, auricularia and L. lagotis^ even 
more so than typical i, defdippi. As justly pointed out by Issel, it is 
intermediate between the above group and that of L. stagnalis Annan- 
dale & Rao rightly considered Issel’s species to be a form of L, lagotis, 
and after remarking on its general resemblance to the form subdisjuncta 
NevilP stated that it is distinguished by its larger and more fragile shell 
and an additional whorl in tho spire. 

The specimens, which I assign to this form, have an elongate, scalari- 
form spire distinctly marked off from the moderately tumid body-whorl ; 
in some specimens the spire is more elongate than others, while in others 
with a more channeled suture it is somewhat sunk into the body- whorl. 
The suture is generally moderately impressed and greatly slanting 
towards the posterior end of the mouth. The surface of the shells bears 
vertical costae almost as strong as in the form costulata von Martens, 
and in addition is decussately malleated, particularly in the region of 


* Nevijl, G. — Set, Res, Second Yarkand Mission, Mollusca, p. 7 (1878). 
•NcvUl, G.— op. cit, p. 9 (1878). 
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the body-whorl. The aperture is more or less ovate with its outer 
margin almost regularly arched. I give below the measurements (in 
millimetres) of three specimens from an irrigation trench at Rampur 
(St. K 1):^ 


Total length .... 

. 

19 

18-6 

18 

Maximum breadth . 

. 

14-4 

14-7 

14-6 

Length of aperture 

. 

12-8 

14 

14 

Breadth of ajjerture . 

. 

10-2 

10*5 

11 

Length of spire (dorsal) 

. 

5-8 

4*5 

4-8 

Breadth of base of spire . 

* 

0 

5-8 

6-5 

This form is represented in 

the collections of the 

Yale North India 


Expedition from : — 

K 1 . Rampur, Kashmir ; alt. ea. 4,000 ft. Fu 13 spooimena in spirit, 

irrij^ation tronch and fiolds. IS.iii. 

32. 

K 34 . Vhashakuri near i^unpiir, Kashmir ; alt. 3 dry shells. 

VO, 0,200 ft. 7. V. 32. 

Lymnaea brevicauda Sowcrby. 

1873. Limmeo. brevicouda. Reeve, (Urnvh, lam, XVlll, pi. xv, sp. 105. 

1876. Limvom brtvicaudoy Hanley & Theobald, (^onvh. Jnd, p. 64, pi. elvii, 

. 1915. Lirnnam {Oulnario) Irwicaudoy Preston, Foon. lint, Jrtd. Freshw- Molt, 

p. 111. 

1925. Linmom brtvivauday Annandale & Kao, Ike, Itid, Mutt, XXVI 1, p. 156, 
lig. i, 6. 

As pointed out by Aiinaiidale k Kao ‘‘ tliis is one of the commonest 
molluscs in the lakes of the Kashmir Valley, to which the species is 
perhaps confined.’’ The tyjie-specimen was stated by Sowcrby to be 
from Australia, but the error was corrected by Hanley & Theobald. 
The anatomy and relationships of the species are discussed in detail by 
Annandale & Kao. 

In the collections of the Yale North India Expedition the species is 
represented from : — 

K 3 . Lokiit Dal Lake, Kashmir ; alt. 5,190 ft. 5 specimens in spirit. 

K 42 . Wular Lake, Kashmir ; alt. 5,160 ft. . 21 specimens (13 in spirit, 

8 dry shells). 

Subgenus Galba Schrank. 

1803. Oalba, Schrank, Fauna lioiva. 111, pt. 2, pp. 262, 285. 

1911. Oalba (in part). Baker, Chicago Acad. Sci,, »Sp. Piibl. HI, p. 199. 

1925. Galba, Annandale & Ruo, Rcc. Ind. Mns. XXVII, p. 161. 

1926. Galb<t, Kennard & Woodward, Synonymy Brit, Non-Marine Moll, p. 42. 

The synonymy of the subgenus Galba is dealt with at length by 
Kennard & Woodward. 1 follow Annandale & Rao in restricting this 
subgenus to forms which can be distinguished by the great development 
of the columellar fold of the shell. 

In the collection under xeport the subgenus is represented by the 
type-species L, truncatula (Mull.). 
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Lymnaea tnincatula (MiilL). 

1774. Buccinum IruncatulufUt Muller, Verm. Terr. Fluv. Hist. 11, p. 130. 

1862. Limvaens truncntulus, Kii&ter in Martini Chemnitz Conch. Cab. I, Ab. 
17b, Limnaevs etc , p. 17, pi. iii, figs. 24-27. 

1878. Limnaea trunc/itvla (in part) Nevill, Sci. Res. Becond Yarkand Mission^ 
Mollusea, p. 10. 

1882. Limnaea inmcatuloy von Martens, Mem. Acad. Imp. Set. St. Petersbotirg, 
(7) XXX, No. 11, p.41. 

1011. Limnaea (Limnaphysa) iruncatnta, Andreae in Fuiterer Durch Asien, 
III, p. 77. 

192.'>. Limnam trniicatnJny Annandale & Rao, Hec. Ind. Mus. XXVTI, p. 161, 
fig. V, .3, 4, 5. 

1926. Limnaea. {(kilbn) IrnncaUilay Kennard & Woodward, Synon.ymy Brit. 
Non-Marine Moll. p. 59. 

1935. Lymnaea {Oalba) Irnncatnlity Mozley, Trans. Roy. Soc. Kdinhvrghy LVIII, 
p. 630. 

Mozley sums up the geographical range of the species as ‘‘ Europe 
including Iceland, Northern Africa ; Northern Asia, Afghanistan, 
Kashmir ; Alaska, Aleutin Islands, Yukon.” Annandale & Rao recorded 
it from Leh in Little Tibet and from Chitral. 

In the collections of the Yale North India Expedition the species is 
represented from the following loc^alities : - 


K 77 

. Dras, Kashmir ; alt. 10,144 ft. In a 
stream. 22. v. 32. 

7 specimens. 

L ,3 

. Kangral, Kashmir; alt. ca. 11,100 ft. 
27 V. 32. 

6 specimens. 

L 14 

. Spitok, Kashmir ; alt. 10,730 ft. 4. vi. 
.32. 

17 specimens. 

L 18 

. Gulain Bagh, Chushod, Kashmir ; alt. 
ca. 10,600 ft. In a pond. 10. vi. 32. 

5 specimens. 

L 19 

. 2 railcH cast of L 18 ; alt. ca. 10,6(K) ft. 

4 sjx'cimens. 


10. vi. .32. 


All the above collecting stations are situated in Kashmir in the area 
adjoining Western Tibet. 

Family Planorbidak. 

Genus Planorbis Geoffroy. 

1767. Planorhisy Geoffroy, Traiti Coq. p. 12. 

1774. Planorbisy Muller, Verm. Terr. Fluv. Hist. II, p. 152. 

1905. Planorhisy Dali, Harriman Alaska Kxped. XIII, p. 80. 

1921. Phmorbisy Germain, Rec. Jnd. Mus. XXI, p. 1. 

1922. Planorbis, Annandale, Rec. Ind. AJus. XXIV, p. 360. 

1924. Planorbis, Kennard & Woodward, Proc. Alalncol. Soc. London, XVI, 

p. 9. 

1925. Playvorbis, Kennard & Woodward, Synonymy Brit. Non- Marine Moll, 

p. 66. 

1931. Phmorbis, Baker, Proc. Zool. Soc. London, p. .58CI. 

As is clear from the publications cited above, there has been a great 
deal of difference of opinion regarding the genotype of Planorbis and 
the author to whom this genus should be assigned. Kennard & Wood- 
ward consider Geoffroy (1767) as the author of the genus with Planorbis 
planorbis (Linn.) as its genotype, while Dali, Germain and recently 
Baker, who has discussed the question at length, all assign the genus 
Planorbis to Muller and regard Planorbis corneus (Linn.) as its genotype. 
I follow Kennard & Woodward in the following notes. 
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Planorbis planorbis (Linn.). 

Yar. tangitarensis Germain. 

1878. Planorbis (Anisus) suhanguhitus (?) var. (? n. species), Nevill, Hand-List 
Moll. Ind. Mus, Ik p. 243. 

1878. Planorbis (Tropidiscvs) snhangulatus var., Nevill^ SrA. lies. Secand Yarkand 
Mission y Alollusray p. 11. 

1918. Planorbis (Tropidiscus) planorbis var. tangitarensis, Germain, Bull. Mus, 
Hist. Nat. Paris, XXIV. p. 276. 

1921. Planorbis {Tropidiscus) planorbis var. tangitarensis, Germain, Bee. Ind. 
Mus. XXI, p. 77, ])l. iv, ligs. 3, 4, 8. 

Germain’s account may be consulted for a detailed description of 
this interesting variety. It was described from specimens collected by 
the Second Yarkand Expedition at North Tangitar. 

The Yale North India Expedition collected 18 specimens at St. K 24 — ^ 
Nishat Bagh, Kashmir ; alt. ca. 5,200 ft.; in a pond. These specimens 
agree in all respects with the ty[)os of the variety from North Tangitar. 

I also assign, with some doubt, 3 incomplete casts of shells collected 
from St. K 10(2) — ^l^impur, Kashmir ; alt. ca. 5,200 ft. Exposure 
along the Jhelum River opposite Island north of Painpur ; 4. iii. 32. 

Genus Gyraulus Charpentier. 

1837. Oyraulns, Agassiz 3Is. in Do Charpentier, Denkschr. Schweiz. Oesseh 
Nat. Neurhntel, I, p. 21. 

1922. (hjraulus, (iermain, Itcc. Ind. Mus. XXT, p. 98. 

1922. (lyranlns, Annaiulale, Bee. Ind. Mus. XXIV, p. 301. 

Germain regards (hfranlus Agassiz as a subgenus of Planorbis Mull., 
but I follow Annandale in classing it as distinct genus. 

Gyraulus pankongensis (Nevill) von Martens. 

1878. Planorbis {Gyraulus) albus (in part), Nevill, Hand-List Moll. Ind, Mus. I, 
p. 245. 

1878. Planorbis (Gyraulus) albus var. Nevill, Sci. Bes. Second Yarkand Mission, 

M oil u sea, p. 10. 

1882. Planorbis Pankongensis, von Martens, Mem. Acad. Imp. iSci. St. Peter- 
sbourg, (7) XXX, No. 11, p. 4.5, pi. iv, liga. 14a-c. 

1890. Planorbis (Gyraulus) pankongensis, Weatfirluud, Faun. Paldarct. Begion 
Binienconch, Suppl. 1, p. 149. 

1910. Planoris (Gyraulus) pankongensis, Weber, Zunl. Jahrb. (Sysl.) XXIX, 
p. 306. 

1918. Planorbis (Gyraulus) pankongensis, Germain, Bull. Mus. Hist. Nat. Paris, 
XXIV, p. 280. 

1922. Planorbis (Gyraulus) pankongensis, Germain, Bee. Ind. Mus. XXI, p. 110^ 

1925. Gyraulus pankongensis, Praahad, Bee. Gcol. Surv, Ind. LVI, p. 359. 

Nevill, though he recorded the specimens from the Lake Pankong 
as P. (G.) albus var., had given them the manuscript name pankongensis^ 
and it was under this name that the species was described by von Martens 
from material sent to him by Nevill. Weber recorded some specimens 
collected by Zugmayer from the same Lake as P. (G.) pankongensis, but 
considered it to be only a local fonn of P. glaber Jefir. and not of P. 
albus Mull., as the specimens did not show any spiral sculpture. Germain 
discussed the species at great length and was of opinion that von Martens 
was not justified in comp.iring this species with the South American 
P. andecolus d’Orbigny or the African P. choanomphalus von Martens. 
He considered it to be allied to G. ladacensis Nevill, but suggested that 
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“ par sa forme g^n^rale et sou enroulement, plus 6troitement apparente 
aux Gyraulus de la fauna curop6enne.” 

The Yale North. India Expedition collected specimens of the species 
from the following localities : — 

K 10 . Pampur, Kashmir ; alt. ca, 5,200 ft. 7 complete, bleached shells. 

Exposure along Jhelum river. 25. 
hi. 32. 

K 34 . Phashakuri, Kashmir ; alt. ca, 5,200 ft. 9 specimens. 

7. V. 32. 

K 46 . Bakh Hajan, Kashmir; alt. ca. 5,170 ft. 2 specimens. 

Jkil. 19. iv. 32. 

L 14 . Spitok, Kashmir ; alt. ca. 10,600 ft. 6 specimens. 

Marsh. 4. vi. 32. 

L 18 . Chushod, Ka.shmir ; alt. ca. 16,600 ft. 4 specimens. 

Gulam Bagh. 10. vi. 32. 

L 19 * 2 miles east of L 18 . . . .3 specimens. 

L 36 . Between Durbuk and Tangtse, W. Tibet ; 8 specimens, 

alt. ca. 13,000 ft. in a pond. 

L 38 . Between Tangtse and Mugleb, W. Tibet ; 12 specimens, 

alt. ca. 13,700 ft. 27. vi. 32. 

L 40 . Punggong Tso, W. Tibet ; alt. 13,915 ft. 51 shells, mostly bleached. 

Upper Shell-Bed under moraine. 25, 
vi. 32. 

I have assigned the specimens from Stations K 10, K 34 and K 46 
to this species with some doubt ; they may represent a distinct species, 
but the material at my disposal is not sufficient for deciding this point. 

Gyraulus ladacensis Nevill. 

1878. PhinorbU {Gyraulus) laeins var. ladacensis, Nevill, Sci. lies. Second Yar- 
kand Mission, Molluscxi, p. 10. 

1882. Planorbis Nevilli, von Martens, Mem. Acad. Imp. Sci. St. Petersbourg, 
(7) XXX, No, 11, p. 3.5. 

1890. Planorbis (Gyraulus) Nevilli, Westcrliind, Faun. Paldarct. Region Rimen- 
conch, 8uppl. T, p. 149. 

1918. Planorbis (Gyraulus) ladacensis, Germain, Bull. Mus. Hist. Paris, XXIV, 
p. 278. 

1921. Planorbis (Gyraulus) hdacensis, Germain, Rec. Ind. Mus. XXI, p. 112. 

I have nothing to add to the detailed account of this species by 
Germain. 

The Yale North India Expedition collected this species from the 
following localities : — 

Between Man-Spangmik, W. Tibet ; alt. 10 bleached shells. 
ca. 14,000 ft. Top Shell-Bed. 1. vii. 

32. 

L 47 . Lung-Yun, W. Tibet ; alt. 16,331 ft. 38 specimens. 

Chagra Warm Spring. 8. vii. 32. 


Family Succineidae. 

Genus Succinea Drapamaud. 

1801. Succinea, Draparnaud, Tabl. Moll. Terr. Fluv. France, p. 55. 

1914. Succinea, Gude, Faun. Brit. Ind. Mollusca II (Troehomorphidae-Janab 
lidae), p. 446. 

X924, Succinea, Rao, Rec, Ind, Mus, XXVI, p. 377. 



274 


Records of the Indian Mmemn, [ Vol. XXXIX, 

In the following notes on the specimens of the genus Succimea collected 
by the Yale North India Expedition, I have followed the excellent 
monograph of Rao cited above. All the specimens in the collection 
belong to the amphibious species, Succinea indica Pfeiffer, 

Succinea indica Pfeiifer. 

1849. Succinea indica^ Pfoiffc-r, Proc. Zmth Soc. London, p. 1113. 

1914. Snccinexi indica, Gude, Faun. Brit. Ind. Mollusca II (Troohomorphidae- 
Janellidae), p. 447. 

1924. Succinea indica, Rao, Jiec. Ind. Mns. XXVI. p. 378, pi. xxviii, figs. 4*9. 

Gude and Rao may be consulted for detailed information regarding 
the form of the shell and anatomy of this variable species. 

The Yale North India Expedition collected shells of the species from 
the following localities 

K 15, 19 Gagribal, Kashmir ; alt. ca. 5.190 fl. 0 .spocimcns. 

Closed swamp. 31. iii. ,32. 

K 34 . Phashakuri, Kashmir ; alt. ca. .5,200 ft. 3 .speoimens. 

7. V. 32. 

K 46 . Bakh Hajan, Kashmir; alt. ca. 5,170 ft. 1 specimen. 

Jhil. 19. iv. 32. 

K 61 . Bod Dal. Kashmir. 2. v. .32 . . 5 specimens. 

PELECYPODA. 

Order EULAMELLIBRANCHIA TA . 

Family CoRBrouLiOAK. 

In view of the fact that the generic name Cyroia ijam., as generally 
understood by most authors, is an absolute synonym of Corbicula 
Megerle,^ Thiele^ has suggested the family name Corbiculidae for 
Cyrenidae. 

Genus Corbicula Megerle von Mublfeldt. 

1928. Corbicula, Praahad, Mem. Ind. Mas. IX, p. 14. 

For the synonymy and distribution of the Asiatic species reference 
may be made to my paper cit^d above. In the collection before mo the 
genus is represented by a single species — C. cashmiriensis Deshayes. 

Corbicula cashmiriensis Deshayes. 

1854. Cw'bkuhi cashminenais, Deshayes, Proc. Zool. Soc. Londm, p. 344. 

1910. Corbicula flvminalis var. oxiana, Weber, Zool. Jahrb. Syst. XXIX, p. 308. 

1928. Corbicula cashmirieriftiu, Prashad, Mem. Ind. Mns. IX, p. 20, pi. iii. fics. 

14 - 18 . 

In my paper cited above I dealt with C. cashmiriensis in detail and 
pointed out the characters in which it differs from C. fluminalis (Miill.). 
The species, as pointed out in the paper cited above, is confined to 
Kashmir where it occurs in River Jheliim and the waters connected 

» SiHi Prashad B.—Umellibranchia of the Siboga Expedition. Systematic Part II 
Peloey^a exclusive of the Ptx^tinidae. Siboga Expeditie, Lllle, p. 174 (1932) ' 

•Thiele, J.^Handb. Syst. Wcichtierkunele, II. p. 860 (1935). 
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with. Weber recorded specimens of the species from Wular Lake as 
C. fiuminalis var. oxiana^ 

The Yale North India Expedition collected a single specimen of the 
species from St. K 1 — Rampnr, Kashmir ; alt. ca, 4,000 ft.; in an irriga- 
tion trench ; 18. iii. 32. 


Genus Pisidium Pfeiffer. 

1821. Piaidiumt Pfeiffer, Naiurg. Dcvisch. Moll. 1, pp. 17, 123. 

1926. Pisidium j Prashad, Pec. Ind. Mus. XXVll, p. 407. 

1933. Pisidium. Prashad, Rec. Ind. Mus. XXXV, pp. 1-8, pi. i. 

The Indian and Tibetan species of the genus Pisidium a're dealt 
with in detail in my papers cited above. The Yale North India Expedi- 
tion collected the following species from Kashmir and Western Tibet : — 
P. hydaspicola Theobald, P. zugmayeri Weber, and P. stoliezkanum 
Prashad. 


Pisidium hydaspicola Theobald. 

1878. Pisidium hydaspicola. Theobald, .fourn. As. Soc. Bengal. XLVII, p. 147. 

1926. Pisidium hydaspicola. Prashad, lice. lud. Mus. XXVll, p. 414, pi. vii, 
figs. 5-7, 1)1. viii, fig. 5. 

This species, wdiich belongs to the subgenus Eupisidium Odhner, is 
confined to the Kashmir Valley. For detailed descriptions of the shell, 
animal and its distribution reference may be made to my paper cited 
above. 

The Yale North India Expedition collected specimens of the species 
from the following localities : — 

K 10 . One mile north of Pampur, Kashmir ; 3 shells in drietl mud. 

alt. ca. 6,200 ft. Exposure along 
bank of Jhelum River. 26. iii. 32. 

K 24 • Nishat Bagh, Kashmir ; alt. ca. 5,200 20 specimens, 

ft. Pond. 7. iv. 32. 

In addition there is a badly damaged shell from St. K 76 — 1 mile 
west of Dras, alt. ca. 10,000 ft., w'hich probably also belongs to this 
species. 


Pisidium stoliezkanum Prashad. 

1933. Pisidium stoliezkanum, Prashad, Rec. Ind. Mus. XXXV, p. 6, pi i, 
figs. 7, 8. 

A detailed description of this interesting species from Yarkand was 
published in my paper cited above. 

The Yale North India Expedition collected 5 valves from the Top 
Shell-Bed between Man-Spangmik, Western Tibet ; alt. ca. 14,000 ft. ; 
1. vii. 37. 


Pisidium zugmayeri Weber. 

1910. Pisidium {Fossarina) zugmayeri. Weber, Zool. Jahrb. Syst. XXIX, p. 310. 
1935. Pisidium zugtnayeri. Prashad, Rec. Ind. Mus. XXXV, pi. i, figs. 1, 2. 

This species was described from the Pankong Lake (Panggong Tso 
of Yale North India Expedition), Western Tibet, by Weber, while figures 
of the shell and hinge are published in my paper cited above. 
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The Yale North India Expedition collected with an Eckman Grab 2 
complete shells and a right valve from St. L 78 — Yaye Tso, Western 
Tibet, alt. 16,373 ft. ; 19.viii.32. 

Genus Sphaerium Scopoli. 

1777. Sphaerium^ Scopoli, Introd. Hist. Nat. p. .397. 

1921. Sphaerium, Praflhad, Rec. Ind. Mus. XXII, p. 614. 

1925. Rphaeriunif Kennard & Woodward, Synonymy Brit. Non- Marins Moll. 
p. 300. 

1927. Sphaerium^ Pilsbry & Bcquaert, Bull. Amer. Mus. Nat. Hist. LTII, 
p. 347. 

Pilsbry & Bequaert are certainly wrong in stating that the genus 
Sphaerium is restricted mainly “ to the Holarctic Region and is not 
known from the Oriental and Australian Regions.’’ In the paper cited 
above I listed three species from India, S. rnontanum T. Canefri^ from 
Burma, while S. horneense (Sowerby) and S. cecilae Prashad^ are known 
from Borneo and Sumatra. The Yale North India Expedition collected 
a new species from the Wular Lake, Kashmir, which I describe below 
as S. kashmirensis. 


Sphaerium kashmirensis, sp. nov. 

Shell subquadrate, moderately swollen, sub-equilateral, moderately 
thick, anterior half of upper margin short, nearly straight, posterior 
part somewhat longer, mark^nlly sloping ; anterior margin evenly curving 
down to the very slightly arched lower margin ; posterior margin slightly 
arched in the upper region, then sharply truncate. Umbonos very 
prominent, very tumid, incurved, almost touching in the middle line. 
Epidermis of a light olive colour in the major part of the shell, of a 
yellowish colour along the margin, shining, with well marked, closely 
situated concentric striae, those in the regions of growth much better 
developed. Hinge apparently as in other species. 



Type sheU of Sphaerium kashmirensis^ sp. nov. x 6. 

Measurements (in millimetres). 


Holotype. Single valve. 

Length 6 5-8 

Breadth 5-3 4*0 

Thickness 3 


1 See Prashad, B. — Rec. Ind. Mus. XXII, p. 630, figs. 36, 37, (1921), 
• Prashad, B. — Rec. Ind. Mus. XXII, p. 505, fig. 17, (1921). 
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Locality. — A complete shell, the holotype, and a left valve wdth a 
broken right valve were collected by the Yale North India Expedition 
at St. K 42 — AVular Lake, Kashmir, alt. ca. 5,180 ft. ; Kiuhnus, dredged 
in 0*5-10 metres of water, on 18.iv.32. 

S. lashnnrensis appears to be allied to monhumm T. Canefri from 
Burma, but is relatively shorter, with its anterior and posterior margins 
.straighter and its sculpture more strongly developed. 


Sphaerium sp. 

A young complete shell and a broken valve of a species were collected 
on 4.vii.32 by the Yale North India Expedition from a swamp at St. 
L 14— Spitok, Kashmir, alt. 10,730 ft. 

The shells differ from S. Jeashmirensis in their being less quadrate, 
and they probably represent another species. With the very limited 
material available, I, how^ever, do not propose describing it as a new 
species. 


Appendix. 

GASTROPODA. 

Family Amnicoj.idae. 

Bulimus (Alociiima) stenothyroides (Dohrn). 

1857. Bithynia stenotyroideSy Dohrn, Proc. Zool. Soc. Londou, p. 123. 

1870. Byihinia atenoihyroideSy Hanley & Theobald, Covrh. [nd. p. 18. 

1884. Byihinia stenothyroidfs, Nevill, fla^id-JAat .\foll. Tnd. Mus. fly p. 37. 

1915. Bithynia stenothyroidfSy Preston, Faun. Brit. Ind.y Fnahw. Moll. p. 77. 

1920. Amnicola {Alocinma) si cnothyr aides, Annandale, Bee. Ind. Mus. XIX, 
p. 43. 

Dohrn's Bithynia stenothyroides was assigned by iVnnandale to the 
subgenus Alocinma Annandale & Prashad^ of the genus Ammcola Gould, 
but as Pilsbry & Bequaert^ have shown, Alocinma is not related to 
Amnicola, but belongs to the subfamily Buliminae, and should be treated 
as a subgenus of Bulimus Scopoli. 

This species is, as was remarked by Nevill, extremely variable in 
the form of the spire and w horls. Extreme forms are easily distinguished 
but intermediate types are hard to separate from the allied species. 

In the collections made by the Yale North India Expedition the 
species is represented by two typical shells collected at St. N 6 — a pool 
near milestone 4 on Marimund — Connamara Rd., alt. ca. 7,500 ft., 
Nilgiri Hills, Peninsular India. 

The species, which was described from Ceylon, has a wide range in 
Peninsular India, having been recorded from Madras, Trichinopoly, 
South Arcot, the Nilgiris, and Poona. 


1 Annandale, N. & Prashad, B.— Ind, Mus. XVIII, p. 23 (1919). 

* Pilsbrj*, H. A. & Bequaert, J. — Bull. Aimr. Mus. Nat, Hist. LIII, p. 213 (1927). 

K 
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Family Lymnaeidae. 

Genus Lymnaea Lam. 

Subgenus Pseudosuccinea Baker. 

1911. Psmdosur^^inea, Baker, Chicago Acad. Sci., Sp. Publ. Ill, p. 162. 

1926. Pseudosuccinea, Annandale & Rao, Rec, Jnd. Mus. XXVII, p. 171. 

Specimens of two species of this subgenus, viz., L. acuminata. Lam. 
and Ij, luteola Lam. were collected by the Yale North India Expedition 
in the Punjab and the Nilgiri Hills. 

Lymnaea acuminata Lam. 

1822. Lymnaea acuminata, Lamank, Hist. Xat. Anim. saus Verteb. VI (2),, 
]). J6(). ' 

18.58. Lymnaea acuminata, Lamarok, JJIst. Nat. Anim. saus Verteb. (Ed. II), 
VIII, p. 411. 

1922. Lymnaea acuminata, Annaixlalo & Prnfthod, Rec. Ind. Mus. XXII, p. 668, 
pi. vii, Sgs. 1-3, text-fig. 12. 

1926. Limmtea acuminata, Aniiandah' k Rao, Rec. Ind. Mus. XXVI I, p. 177, 

%. in. 

The great variability in the form of the shell of this Indian species 
and its variet ies is fully discussed by Annandale and Prashad and Annan- 
dale and Rao in the papers cited above. 

In the collections of the Yale North India Expedition the species is 
represented by the forms : — lypica Lam. and hians Sowrerby.^ 

.The exact localities for the two forms are as follows : — 

h^orm typica Lam, 

P 2 . Sohawa, Rawalpindi Dint., Punjab. 22 specimens. 

4.iii.32. 


Form hians Sowerby. 

N 6 . Ootacainuiid, Xilgiri Hilla, South India ; 3 specimens, 

north margin of Lake. 8.xi.32. 

Lymnaea luteola Lamarck. 

1822. Lymnaea luteola, Lamarck, Hist. Nat. Anim. sans Verteb. VI (2), p. 160. 
1868. Lymnaea luteola, Lamarck, Hist. Nat. Anim. sans Verteb. (Ed. II), VIII,. 
p. 411. 

1926. Limnaea luteola, Annandale & Rao, Rec. hid. Mus. XXVII, pp. 106, 183,. 
fig. IV. 

This interesting species is discussed in detail by Annandale and Rao- 
in the papers referred to above. It is wddely distributed in India, Burma 
and Ceylon. 

In the collections of the Yale North India Expedition it is represented 
by the form ovalis Gray* from the folloAving localities : — 

Ootacamund, Nilgiri Hills ; alt. ca. 23 specimens. 

7,400 ft. Pond beyond cemetery. 

N 16 . Avalancho, Nilgiri Hills, S. India ; alt. 9 specimens. 

6,600 ft. 14.xi.32. 


^ For full details regarding these species reference may be made to the paper by 
Annandale & Rao cited above, pp. 180 and 182 respectively. 

• For reference to this form sec Annandale k Rao, loc. cit, p. 184 (1925). 
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Family Planobbidae. 

Genus Indoplanorbit Annandale & Prashad. 

1921. Indoplanorhis, Annandale & Prashad, Rec, Ind. Mus. XXII, p. 578. 

1923. Indoplanorbis, Rao, Bee. Ind. Mils. XXV, pp. 199-219, figs. 1-14. 

1931. hidoplanorbist Baker, Proc. Zool. Soe. London, p. 687. 

1933. IndopUmorbis, Baker, Journ. Morphol. LV, pp. 1-9, pis. i, ii. 

This genus was established by Annandale and the present author 
for the common large Planorbid of India, Indoplanorbis exustus (Deshayes), 
and the work of Rao and Baker on the anatomy of the species has fully 
upheld the separation of this species from the genus Planorbis Geoflroy. 

Indoplanorbis exustus (Deshay es). 

1834. Planorbis exustus, Deshayes, Voyage Belanger Indes-Orient. Zool., p. 417. 
pi. i, figs. 11-13. 

1921. Planorbis exustus, Prashad, Rec. Ind. Mus. XXI I, p. 472. 

1921. Indoplanorbis exustus, Annandale &. Prashad, id., p. 580. 

1921. Planorbis {Planorbis) exustus, Germain, Rec. hul. Mus. XXI, p. 26, pi. i, 
figs. 4-9 ; pi. iv, figs. 11, 17, 18, text-figs. 1-11, 13-16. 

The great variation in tlie form of the shell of this highly variable 
species is discussed at length by Germain and Annandale and Prashad, 
while the anatomy has been described by Annandale and Prashad, Rao 
and Baker. 

The Yale North India Expedition collected a single young shell of 
this species from St. P 2— Sohawa, Rawalpindi Dist. Punjab; alt. 
1,734 ft. ; 4.iii.32. 


Genus Gyraulus Charpentier. 

Gyraulus convexiusculus (Hutton). 

I860. Planorbis convexiusculus, Hutton, Journ. As. Soc. Bengal, (2) XVIII, 
p. 667. 

1919. Gyraulus convexiusculus, Annandale & Prashad, Rec. Ind. Mus, XVII, 
p. 62, fig. 7B. 

1921. Planorbis {Gyraulus) rojivexiusculus and P. {G.) saigonensis, Qermain. 
Rec. Ind. Mus. XXT, pp. 118, 119. 

For detailed synonymy and description of the species reference may 
be made to the publications cited above. G. convexiusculus has a very 
wide range from Lower Mesopotamia through Eastern Persia, Afgha- 
nistan and Northern India to Upper Burma, French Indo-China, China, 
Japan and the Malay Archipelago.” 

The Yale North India Expedition collected specimens of G, convexius- 
culus from the following localities : — 

Calcutta, Bengal ; from an artificial 1 specimen, 
fountain in Dalhousie Square. 

30.X.32. 

P 2 . Sohawa, Punjab ; alt. 1,734 ft. 4.iii..32 9 specimens. 

P 9 . Khabakki Kabar, Punjab ; alt. 2,481 1 specimen, 

ft. 12.iii.32. 


Gyraulus sp. 

A young specimen of Gyraulus from St. N 16 — Ootacamund, Nilgiri 
Hills, cannot be identified specifically. 
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PELECYPODA. 

Genus Pisidium Pfeiffer. 

Pisidium clarkeanum G . & H. Ncvill, 

1871. Pisidium clarhmnum^ G. & H. Nevill, Journ. As. Soc. Bengal, XL, pi. ii, 
p. 9 ; pi. i, figH. 4, 4a-d. 

1925. Pisidium clarckeanum (sic), Prashad, Bee. Ind. Mus. XXVII, p. 408> 
text-figfi. 1-3, pi. vii, figs. 1,2; pi. viii, figs. 1, 2. 

For a detailed description of this species reference may be made 
to my paper cited above. P. clarkeanum is widely distributed in India 
and Burma. 

The Yale North India Expedition collected 2 specimens of this species 
from St. N 2 — Ootacamund, Nilgici Hills ; alt. 7,400 ft. ; in a pond, 
'on 10.xi.32. 



STUDIES ON INDIAN ITONIDIDAE (CECIDOMYIDAE : DIPTERA^. 


IV. — Eight nkw midges. 

By M. S. Mani, MA., Gallery Assistant, Zooloyical Survey of India, 
Indian Museum, Calcnlta. 

The new species of inidj^es described in this paper were mostly caught 
by ]\If)iis. Vitale Mcnasche’s Entoray machim^, wliiidi was recently tried 
in Calcutta. The catches contain several w(dl known goiiora not pre- 
viously recorded from India. 1 have also included the descriptions of 
two other species, one found swarming in the laboratories of the Imperial 
Agricultural Research Institute, New Delhi, and the other bred from 
the univalve galls of Eagle marmelos. 

Lestremia calcuttaensis^ sp. nov. 

Female , — Length 1*75 mm. Orange. Palpus moderately setose ; 
not counting the palpiger segments four ; first segment rather stout, 
of a length about twi(je its diameter ; second segment nearly equal in 
length to tl\e first but more slender ; third and fourth segments more 
slender, probably equal to eacli other and about twice tlie length of the 
second segment, differing in these res])ects from L, indica Kieff.^*^ in 
which fourth palpal segment is twice the length of third. J.ongth of 
terminal antennal segnient about four times its diameter, with a more 
or less distinct constriction at basal fourth. Mesonotum dark brown. 
Anterior metatarsus about as long as the next three tarsal segments 
oombined. Posterior tibia one and one fourth times the combined 
length of the first two tarsal segments. Claws simple, slender, slightly 
curved. Empodium very short. Terminal lamellae of ovipositor sub- 
quadrate, broadly rounded apically, length about one and one fourth 
the breadth, densely setose. 

//o/o///pc.— One female dissected on a slide in the collections of the 
Zoological Survey of India, Indian Museum, (Calcutta, No. 1311/H6. 
Trapped by ‘ Entoray ’, Portland Park, C'ahuitta, i3-vii-1936. 

This new species differs from the two other Indian species L. indica 
Kieff. and L, ceylonicn Kieff.^ mainly in the length of palpal segments, 
short, subquadrate terminal lamellae of ovipositor and much longer 
terminal antennal segment. 

Micromyia indica, sp. nov. 

Male , — ^Length about 1*5 mm. Palpus triarticulatc ; first segment 
much stouter and shorter than the rest, its thickness nearly equal to 
length ; second more slender, twice the length of first, stouter apically 


^ Part III of this series was published in JBec. Ind, Mua,, XXXVIII, pp. 193-197, 
0 ^ 36 ). 

» KiefEer, Rec, Ind, Mus„ III, p. 29, (1909). 

» Kieffer, Spot, VllI, p. 29, (1912). 
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than basally ; terminal segment nearly one and one third times the- 
first, Kiibfusiform and soraewliat stout apically. Antennae somewhat 
less than one fifth the length of body, reduced apically ; segments 10 ; 
third and fourth segments globose ; fifth pyriform ; sixth, seventh 
and eighth subeylindrieal and with a distinct stem, about half the en- 
largement ; ninth and tenth segments fiLSod together. Mesonotum 
dark brownish to black. Scutellum brown, x)Ost scutellum lighter. Ab- 
domen grey above and paler below and at the sides. Claws slender, 
long, sickle-shaped. Basal clasp segment of genitalia stout, short. 
Terminal clasp segment siibfusiform, about one third the basal segment, 
apically armed with a short, slightly curved, shar]) spine. Dorsal plate 
somewhat longer than basal clasp segment, apically bilobed and emar- 
ginate. 

HoJoiype.- - One jnale dissected on a slide No. 1312/Hfi. 

Paratypes . — Several examples in spirit No. 1323/H(). Genitalia of 
one example is mounted on a slide. 

Holotype in the f^ollecitions of the Zoological Survey of India, 
Indian Museum, Calcutta and parat 3 rpes in the collections of the Zoolo- 
gical Survey and the Imperial Agricultural Research Institute, New 
Delhi. 

Received from the Imperial Entomologist, New Delhi, with the 
label: ‘Found swarming in laboratory compound. Coll. H. L. Bhatia, 
28-ii-1937, I. A. R. I,, New Delhi.’ 

Neolasioptera variipalpis, sp. nov. 

Female, — Length of body varies between 1-2 mm. Bright reddish 
brown in colour. Palpus (hmsely scaled, quadriarticulato ; first seg- 
ment short ; sec^ond about twice longer and somewhat stouter ; third 
more slendtir, either ocjual to or one and a half times the second, inter- 
mediate proportions are met with in a larger series of individuals ; 
fourth either about twice the third or almost equal to (sometimes slightly 
longer than) the third ; usually, hoAvever, the third and fourth are* 
nearly equal and each about one and a half times the second. Occa- 
sionally the second, third and fourth are all equal. Antenna about 
half the length of body, segments 19, moderately hairy ; fifth segment 
about three fourths the fourth, which latter is equal to third ; terminal 
segment subglobose and slightly longer than the penultimate segment. 
Mesonotum dark reddish brown. Scutellum lighter than mesonotum. 
Wings about two and a half times as long as broad ; third vein reaching 
costa at about basal two thirds. Claws long, slender, unidentate ; tooth 
long, evenly curved ; empodium much shorter than claws. Abdomen 
reddish browm. Ovipositor longer than body. 

Holotype. — One female in spirit in the collections of the Zoological 
Survey of India, Indian Museum, Calcutta, No. 1313/H6. 

Paratypes. — Several examples mounted in Canada balsam in the 
collections of the Zoological Survey of India, Indian Museum, Calcutta, 
Nos. 13U-H/6. 

Trapped by ‘ Entoray *, Portland Park, Sahapur Yard, Gun Foundry,. 
Cossipur and Sonarpur, Calcutta, 19-vi-1931 to July 1936. 
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This species resembles N. crataevae Mani^ in colour of body, in the 
absence of scaly spots and markinj?s on abdomen and costa, but differs 
in the fewer antennal segments and more slender claws. From N, 
cephalandrae Mani^, which it resembles in the number of palpal seg-^ 
ments, it is readily distinguished by the unspotted abdomen and wings, 
fewer antennal segments and relatively longer third vein, which unites 
with costa well beyond the basal half of wing. There is a considerable 
variation in the relative propoitions of the thii-d and fourth palpal 
segments, size of body and wings. 


Asphondylia menaschei, sp. nov.^ 

Male. — Length about 2 mm. Reddish brown, Pal}>i triarticulate ; 
first segment short, subquadrate ; second segment of a length about 
two and a half times its diameter ; third segment twice the second, 
with moderately dense, long and slender setae. x\ntennae reddish 
brown ; third segment of a length about four to five times its diameter ; 
fourth segment somewhat longer than third ; fifth segment of a length 
about three and a half times its diameter. Mesonotum dark reddish 
brown. Genitalia mod( irately setose, dark brown ; basal clasp segment 
stout ; apical clasp segment very short, ba sally swollen very much 
and bidentate apically ; the teeth short, black and greatly diverging. 
Claws as long as empodium. 

Female, — Ijength about 2-5 mm. Reddish brown. Palpi triarti- 
culate ; first se.gment short, stout ; second segment longer, somewhat 
stouter apically than basally, with long straight, stiff setae ; third 
segment about twice the length of second, more slender, also with long 
stiff setae. Fifth segment of antennae of a length about five times its 
diameter and also about five sixths that of fourth. Mesonotum dark 
brown. Dorsal basal pouches of ovipositor moderately large. Claws aa 
long as empodium. 

Ilolotype. — One male dissected on a slide No. 1315/H6. 

Allotype. — One female dissected on a slide No. 1316/H6. 

Paratype. — One male dissected on a slide No. 1317/H6. In the 
collections of the Zoological Survey of India, Indian Museum, Calcutta. 
Trapped by ‘ Entoray ’, Portland Park, Calcutta, 13 — 17-vii-1936. 

This species runs with A. pongamiae Felt in my key'* to the Indian 
species of Asphondylia, agreeing with it in the terminal clasp segment, 
of male genitalia but differing in the following characters : second 
palpal segment of a length slightly greater than twice its diameter ; 
third palpal segment just twice the second, without stout but slender, 
moderately dense setae ; fifth antennal segment of a length about four 
and half times its diameter. 


1 Mani, Itec. Ind. Mas., XXXVI, p. 399, (1934). 

2 Mani, Ibid., p. 397. 

* I have great pleasure in associating with this species the name of Mons. Vitale 
MenaseW, the inventor of the Entoray, which trapped many gall midges. 

* Mani, Hec. Ind. Mus., XXXVI, pp. 408-409, (1934). 
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Hormomyia calcuttaensis, sp. dov. 

Female . — Length 2*5 mm. Reddish brown. Palpi short, segments 
(including palpiger) throe, the terminal segment somewhat longer than 
the rest and broadly rounded apically, the other segments arc equal. 
Antennae about half the length of body ; segments 14 ; third segment 
with a subcylindrical enlargement having a length about six times its 
diameter, stem about one sixth the length of the enlargement ; fifth 
segment with a stem about four fifths the length of the segment, the 
enlargement of a length about four times its diameter ; terminal seg- 
ment sharply coiLstricted in its apical third, forming a small oval part 
about half the length of the rest of the segment. CHreumfili in two 
irregular whorls, the l)asal whorl is usually more irregular than the 
apical. Mesonotum dark rcfldish brown. Haltcres long, the club much 
longer than the pedicel. Logs dark reddish brown. Claws simple, 
long, moderately stout, about three fourths the length of empodium. 
Abdomen reddish 1)rown. Ovipositor long, terminal lamellae of a 
length about two and a half times its breadth, narrowly rounded apically. 

Holof.ype . — One female dissected on a slide No. 1318/HG. 

Para(ypes.-~T!]\xee females dissected on slides Nos. 1319/H6. One 
claw of one of the paraty]>es is abnormal, being forked to a short 
length. 

In the collections of tlie Zoological Survey of India, Indian Museum, 
'Calcutta. Tra])ped l)v ‘ Entorav ', Portland Park, Calcutta, 4 — 9-vii- 
1930. 

This species differs from the two other Indian species. II. ischaemi 
FeUI and //. siihnptem Felt- in the a.nt<*nnal segments of female having 
only two instead of thr(*e whorls of circimifili, agreeing, however, in the 
number of antennal segments. The species is alsf) further distinguished 
from //, sifhapfera by the wings being long and narrow as is usual in the 
.genus Ilttrmomyin, 


Tiishormomyia indica, sp. nov. 

Female . — 4 mm. long. Reddish. Palpi triarticulate (including the 
pal])iger) ; second segment nearly equal to the basal but more slender ; 
third segment slender and about twice the second.. Antennae reddish 
brown; segments 15 (^) ; third segment distinctly constricted a little 
below the basal half, with a stem about ono-fiftli the subcylindrical 
enlargement, circumfili in two whorls ; fourth segment about three 
fourths the length of third, its stem equal to that of third ; fifth seg- 
ment equal to fourth, with apparently only two whorls of circumfili, 
the basal whorl situated between the basal one fourth to basal half 
and the apical whorl near the tip of enlargement ; sixth segment some- 
what shorter than the fifth, its stem equal to that of the fifth. Meso- 
notum dark reddish brown. Scutellum lighter than mesonotum. Legs 
dark reddish brown. Claws stout, evenly curved, simple, somewhat 
shorter than or equal to the narrow, long empodium. Abdomen long. 


1937.] M. S. Manx : Studies on Indian Itonididae. 286 

deep reddish orange. Ovipositor long, terminal lobes moderately broad, 
short and ova). 

Holotype, — One female dissected on a slide in the collections of the 
Zoological Survey of India, Indian Museum, Calcutta, No. 1320/H6. 
Trapped by * Entoray', Portland Park, Calcutta, 14:-vii-1936. 

Orseoliella bengalensis, sp. nov. 

Male. — ^Length about 2*75-3 mm. General colour dark brown. 
First palpal segment short, stout, subglobose ; second segment more 
slender than others, about twice the length of first ; third segment 
about one and one fourth the length of second ; fourth nearly equal 
to third and broadly rounded apically ; all segments moderately clothed 
with long setae. Antennal segments 14 ; fifth segment with a basal 
globose and an apical subcylindrical enlargement, the latter of a length 
about twice its diameter, more or less distinctly constricted in the 
middle ; stems about one and a half to twice their diameters ; apical 
subcylindrical enlargement of seventh and the following segments often 
constricted in the middle so that these segments appear trinodose. 
Mesonotum dark brown or dark reddish brown. Legs densely hairy. 
Claws moderately stout, evenly curved, much longer than the empodium. 
Abdomen yellowish to brownish, densely hairy. Genitalia densely 
hairy ; dorsal plate heavily chitinisod, deeply bilobed, lobes with rounded 
apical angles ; ventral plate longer than dorsal plate, broadly rounded 
apically and somewhat narrowly emarginate at sides and subapically ; 
basal clasp segment about twice as long as the ventral plate, with a 
largo, obtuse, basal inner lobe ; terminal clasp segment about half to 
three fourths the length of the basal clasp segment, moderately stout, 
slightly reduced and curved apically ; style as long as or longer than 
ventral plate. 

Holotype. — One male dissected on a slide in the collections of the 
Zoological Survey of India, Indian Museum, Calcutta, No. 1321/Ii6. 
Trapped by ‘ Entoray,' Portland Park, Calcutta, 20-vi-1936. 

Paratypes. — Two examples on slides, Nos. 1324-25/H6. 

This species has a general resemblance to 0. apludae Felt^ but is 
readily distinguished by the smaller size and free dorsal and ventral 
plates. 


Cecidomyia dattai, sp. nov.^ 

Female . — Length 1*75-2 mm. General colour of body reddish brown. 
Palpi long, quadriarticulate, moderately setose ; first jsegment short, 
quadrate ; second segment over twice the length of first, somewhat 
stout ; third segment nearly equal to secoiid ; fourth segment about 
one and a half times the length of third, somewhat slender. Antennae 
about half the length of body, with 14 cylindrical segments ; third and 


1 Felt, Mem. Dept. Agric. Ind., EJnt. Ser., VII, jj. 8, (1920). 

* Cecidomyia is employed here as a group name and not in the sense of Itonida 
Meig. Vide Felt, Bull. N. Y. St. Mus., No. 257, p. 16, (1926) ; Mem. Dept. Agric. 
Ind. Ent., Ser., \T[I, pp. 11, 27, (1920-1); X, pp. 2-3, (1927); Mani, Rec. Ind. Mus., 
XXXVIII, p. 196, (1936). I associate with this species the name of my friend and 
colleague Mr. M. N. Datta, who reared the midge from its galls. 
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fourth segments fused together ; fifth segment of a length about twice 
its diameter, stem about one fifth the length of segment ; sixth to twelfth 
segments nearly equal ; thirteenth segment somewhat shorter than 
twelfth, its stem nearly equal ; terminal segment somewhat longer than 
thirteenth, with an apical prolongation about two seventh the total 
length. Mesonotum black, submedian lines scarlet, thickly haired. 
Wings hyaline, neither narrow nor broad, with three longitudinal veins, 
third vein uniting with costa beyond apex, fourth vein obsolete, fifth 
vein faint apically. Legs pale brown, densely hairy. Claws simple on 
all legs, not strongly curved, slightly shorter than empodium. Abdo- 
men reddish brown. Ovipositor exserted, long ; terminal lamellae 
ovate. 

Holotype . — One female dissected on a slide in the collections of the 
Zoological Survey of India, Indian Museum, Calcutta. No. 1322/H6. 
Coll. M. S. Mani and M. N. Datta, Pulta Pumping Station, near Barrack- 
pore, Calcutta, 6-vi-1936. 

Notes , — ^This species produces the univalve galls on the leaflets of 
Eagle marmelos Corr. described in an earlier paper^. When mature, 
the larvae escape from the gall through the slit-like opening, wander 
about and drop to the ground. They enter the soil and pupate in 
cocoons at depths varying from half to two inches from the surface. 
The adults emerge from the ground in five to seven days. Before they 
burrow into the soil, the larvae are subject to attacks of enemies, the 
•most common one being the Indian house sparrow. It picks off the 
larvae from the ground and thus destroys a largo number of them. 


1 Mani, Rec. Ind. Mu$., XXXVII, p. 444, (1935). 




A REVISION OF THE INDIAN CHALCID WASPS OF THE SUB- 
FAMILY LEUCOSPIDINAE (PARASITIC HYMENOPTERA)*. 

By M. S. Mant, M.A., Gallery Assistant, Zoological Survey of India, 
Indian Museum, Calcutta. 

This paper is a rosTime of my three years’ work on the Indian Leiicos- 
pidinae and r(‘presen1s the resnlts of studies on practically all the material 
available in India. Fortunately unlike most other "ronps of the Chal- 
cidoidea, the paratypes of several of the Indian species of Leiicospidinae 
are available in this country. Through the courtesy of the authorities 
of the various institutions, I have been able to examine the valuable 
collections of the Zoological Survey of India, Indian Museum, Calcutta ; 
Imperial Agricultural Research Institute, New Delhi and the Agricultural 
College and Research Institute, Coimbatore. Dr. T. V. Ramakrishna 
Ayyar, late Oovernment Entomologist, Madras, also very generously 
placed at my disposal his extensive collections of Leucospids. As a 
result, except for Cameron’s species, which have not been recognised 
since they were first described, I have examined all the species so far 
described from India. In two earlier papers (15, 10) I have described 
seven new species and recorded one w’ell known species for the first 
time from India. I also recently described the male of Leucospis benga- 
Jcnsis Weld, which was described from females only. Of the sixteen 
species dealt with in this paper one is new to science ; several of these 
species are redescribed, and notes on distribution and inter-relationships 
arc added. A key to Indian species of Leucospis Fab. is also given. In 
the bibliography, the more important papers are arranged chronologically 
under authors, bringing the literature up to date. 

I take this opportunity of recording my grateful thanks to Dr. Baini 
Prashad, Director, Zoological Survey of India, Indian Museum, Calcutta, 
for guidance, facilities lor w'ork and constant encouragement : to Dr. T. 
V. Ramakrishna Ayyar. late Government Entomologist, Madras, for his 
valuable sugg(:\stions and for donations and loan of valuable material ; 
to Dr. Hem 8ingh Pruthi, Imperial Entomologist, Imperial Agricultural 
Research Institute, New Delhi and Mr. M. C. Cherian, Government 
Entomologist, Agricultural College and Research Institute, Coimbatore 
for loan of material for study. 


Leucospidinae. 

The subfamily Leucospidinae is one of the easily recognised 
grcnips of the Chakidoidea. Its members, mostly parasitic in the nest 
of bees, are found in all parts of the wmrld, though the species are more 
numerous in the tropics than in the temperate regions. It comprises 
oyer tw^o hundred species of the genera Leucospis, Polistofnorpha, 
Marres and Epexochkenoides. 

■n recognised as a distinct group by Walker, though 

alia Torre (6) incorrectly gave the credit to Forster, Early workers 

of f 1 submitted as a thesis for the M. A. degree in Research 

of the University of Madras in March, 1937 . 
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like Walker, Haliday, Forster, etc., treated the group as a separate 
family. Howard (12) and Ash mead (1) recognised their close relation- 
ship to the Chalcidinae and placed them with the latter in the family 
Chalcididae. In 1890, Schletterer (19) comprehensively monographed 
the subfamily and recorded sixty species in three genera Leucospis 
(67 spp.), Polistonwrpha (2 spp.) and Marres (1 sp.). In 1898, Dalla 
Torre (6) recorded eighty species from different parts of tlic world in 
his CataloguH Hymcnoptermim ; several of these species have, however, 
been regarded as synonyms by later workers. Cresson (5), Howard 
(12) and Ashmead (1) described several American species. King (14) 
made several additions to the European sp(‘cies. Kirby (13) also charac- 
terised the genera and descril)(‘d some sp(‘cies from England and other 
places. Ashmead (1) tabulated th<‘ genera, in his monumental work 
on the classification of the Chaleid flies, and later Schmiedeknecht (20) 
monographed the subfamily in tln^ Genera Jnsectoram series. Oirault 
(11) studied tin*. Australian forms and erected some new genera and 
species, most of which are not, however, v^alid. Weld (27) puldished a 
monographic revision of the Leiicospidimu* of the world, which is still 
a standard work of ref(‘rence in the grouy). 

Very little work has, liow(‘ver, ])een done on this group* in India. 
Leucospis guzeratvnsis Westwood, the first species of the Leucospidinae 
to be recorded from India, was describ(‘d by Westwood in 1839. Later 
on in 1900, CanuTon (4) describ<Ml two Indian species. In 1912, Ender- 
lein (9) described one species from Ceylon. In 1922, Weld (27) described 
three Indian speedes, and in 1926, Ernes (2) recorded one species from 
Malabar, vSoutU India. vS(‘veral Indian species were recently described 
by me and altogether sixt(*en species have b(‘en recorded from India 
so far. 

Lciicospids are usually robust-bodied Chalcids, ranging in length 
from about 6 mm. to 16 mm. Pronotum is usually large. Black is 
the predominating colour, but most species are also conspicuously 
spotted or marked yellow, orange*, red and sometimes white. Fore 
wings, while not in use, are longitudinally folded as in the Vespidae, 
which is an unusual featun* among the .Chalcids. Hind coxa and femur 
arc very much swollen, the latter is also armed beneath with teeth. 
Hind tibia is strongly arched and always shorter than hind femur. 
Abdomen is elliptical or obovate in the lateral view ; usually swollen 
behind the middle in the dorsal view; and sometimes subcompressed 
apically. Ovipositor is usually long, exserted, reflexed over the dorsum 
of abdomen, sometimes reaching forward to the scutellum of thorax. 
These characters readily serve to distinguisli the Leucospidinae from 
the closely related Chalcidinae. 

Genus Polistomorpha Westwood. 

1839. Polistomorpha, Westwood, Zeitsc^r, Eniomol., I (2), p. 266. 

1862. Polistomorpha, Walker, Journ. Eniomol,, I, p. 22. 

1874. Polistomorpha, Westwood, Thesavr, Eniomol. Oxon., p. 133. 

1890. Polistomorpha, Scblettorer, Berlin. Eniomol. Zeitschr., XXXV, p. 292. 

1904. Polistomorpha, Ashmead, Mem. Carnegie Mus., I (4), pp. 247, 402. 

1906. Polistomorpha, Ducke, Bull. Soc. Eniomol. France, pp. 163-166. 

1909. Polistomorpha, Schmicdeknecht, Qe.n, Ins., fas. 97, p. 14. 

1922. Polistomorpha, Weld, Ptoc. U. S. N, Mus,, LXI, art. 6, p. 4. 

1936. Polistomorpha, Mani, Bee. Ind, Mus,, XXXVII, pp. 242-243. 
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Polistamorpha was erected as a subgenus of Leucospis Fab. m 1839 
by Westwood for his species surinaniensis ; it was raised to a generic 
rank by Walker in 1860. Since then seven species have been described : 
sphegoides Walker^ and fasciata Westwood^ from the Amazon ; riigri- 
maculata Cameron® from Panama ; nitidiventris Dacke^ from Europe ; 
and indica Mani and paivai Mani {vide infra) from India. In 1922, 
Weld transferred the Mexican species bidhiventris Cresson^ from the 
genus Leucospis to PoHstomorpha. 

The genus has a wide range of distribution, though the species appear 
to be more numerous in the tropics than in the temperate regions. Of 
the two Indian species one is known from North and the other from 
South India. 

The genus can be recognised by the following characters : Vertex 
not cornuted, posterior margin of head straight or nearly so ; third 
antennal segment as long as or longer than second ; pronotum equally 
broad both anteriorly and posteriorly ; scutellum normal, never heart- 
shaped ; central part of metathorax projecting ; hind coxae with or 
without a strong erect spur above ; abdomen spindle-shaped, never 
eompressed, with or without median longitudinal furrow towards the 
posterior end, pointed apically ; ovipositor limited to the underside of 
abdomen. 

PolistomorpJia is readily distinguished from Mattes Walk, by its 
non-cornuted head. From Leucospis Fab. and Epexochlaenoides Gir. 
it is separated by the fact that the ovipositor is not reflexed over the 
dorsum of abdomen but lies on the under side. 

The relationship of the Indian species to the other known species is 
shown in the key below, which is modified from Ducke (7). 


^ Key to species. 

I. Hind coxa iinspurrcd al)ove ; usually small species 

A. Hind femur with over 10 toeth, first tooth largo, 

rest small ; carina on pronotum faint . . P. hulbiventris (Cresson), 

B. Hind femur with only 5 teeth ; first tooth small, 

second, third and fourth long, fifth large and 
tridenticulate ; single well developed carina 
on pronotum . . . . . . P. indica Mani. 

II. Hind coxa spurred above ; or at least with a carinate 
upper edge ; usually large species 

A. Hind femur with 8 teeth, first larger than the 

rest ; two transverse carinae on pronotum . P. paivai Mani. 

B. Hind femur with only 6-7 teeth ; first tooth 

larger than the rest 

1. Body black ..... P. aphegoides Walker. 


2. Body testaceous 

a. Fourth tergite of abdomen shiny, 
with a coarse punctation ; first 

tooth of hind femur triangular P. niiidiventria Duoke. 


^ Walker, Joum. Entomol. London, I, p. 22, (1862). 

• Westwood, Tkesaur. Entomol. Oxon., p. 133, (1874). 

• Cameron, Trans. Amer. Entomol. 8oc., XXX, p. 96, (1904). 

♦ Pucke, Bull. Soc. Entomol. France, p. 16d, (1906). 

* Cresson, Trans. Amer. Entomol. Soc., TV, p. 29, (1872), 
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h. Fourth terglte of abdomen some* 
what opaque, with a fine puno- 
tation ; first tooth of hind femur 

very long and sharp . . P. famnta Westwood. 

f. Fourth tergite of abdomen opaque, 
finely and densely punctate ; 
first tooth of hind femur large 

and triangular . . . P. mrinnmfn^vR Westwood. 

Polistomorpha indica Mani. 

1935. Polistomorpha indica, Mani, Pec. hul. Mus., XXXVIT, pp. 243-244, fig. 1. 
1930. Polistomorpha indica, Mani, Pec. Ind. Mtts., XXXVllT, p. 338. 

This species was originally described from a spocimeu from Yorcaiid, 
South India, in a collection of Chalcids received from Dr. T. V. llama- 
krishna Ayyar. The female is easily recognised by the presence of a 
single well developed transverse carina on the pronotum posteriorly 
parallel to its hind margin, with two transverse elliptic yellow spots at 
its ends. There is also a somewhat broad, transverse, complete 
yellowish band anteriorly on the pronotum. Dorsum of abdomen has 
three transverse, yellow bands. Hind femur has four simple and one 
(fifth) compound teeth. The upper edge of hind femur is bordered by 
a broad yellow band on th(‘ outer side ; there is also a longitudinal, 
oblong, yellow spot on the outer side just above the third, fourth and 
first part of the fifth teeth. The male is unknown. 

Polistomorpha paivai Mani. 

1936. Polistomorpha pairni, Mani, Pec. Ind. Mas., XXXVIII, p. 338. 

This species is closely related to P. indica Mani, from which, how- 
ever, it is easily distinguished by the following characters : There 
are two transverse carinae on pronotum parallel to its hind margin, 
which is also carinate. Hind femur has eight teeth, the last one being 
compound. There is a single yellow, transverse band on the carina on 
pronotum. Hind femur has only a single irregularly-shaped yellow 
spot outside at the base and not extending to apex. There are only 
two transverse yellow bands on the dorsum of abdomen. 

No females of the species have been discovered so far. 

Described from a specimen in the collections of the Zoological Survey 
of India, Indian Museum, Calcutta, bearing the label : “ Coll. Paiva, 
Katihar, Purneah Dist., 4-viii-1907” 

Genus Leucospis Fabricius. 

1776. Levcospis, Fabricius, Syst. Entomoh, I, p. .361. 

1874. Levcospis, Westwood, Thesavr. Enlomol. Oxon., p. 135. 

1890. Levcospis, Schlctterer, Berlin. Entomoh Zeifschr., XXXV, p. 141. 

1894. Exochlaenus, Shipp, Entomologist, XXVII, p. 16. 

1904. Levcospis, Ashmead, Mem. Carnegie Mus., I (4), p. 247. 

1909. Levcospis, Schmiedeknocht, Gen. Ins,, fas. 97, p. 14. 

1922. Levcospis, Weld, Proc. U. S. N. Mus., LXI, art. 6, pp. 4-35. 

1935. Levcospis, Masi, Boll. Hoc. Entomol. Jtalina, LXVII, pp. 36-43. 

1935. Levcospis, Mani, Pec. Ind. Mus., XXXVII, p. 244. 

This genus was erected by Fabricius in 1775 and was comperhen- 
sively dealt with by Schletterer in his monograph on the genera Leucospis, 
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PoUstomorpJfa and Marres. In 1894, Shipp transferred the species L. 
anthioides Westw. to his now genus Exocldacntis ; and this was accepted 
by Ashmead and Sclimiedeknecht. In his recent nionograpli on the 
Leucospidinae, Weld has reunited under Leucospis all the species referred 
to Exochlaenus, which according to him is not distinct from the former. 
F rom a study of the various Indian species Dr. Ramakrishna Ayyar and 
I agree with Weld’s view. 

Body more or less robust. Head triangular in tJie front view ; 
vertex not cornuted ; cheek long, not converging below ; posterior 
margin of head curved inwards ; maxillary palpi quadriarticulate ; 
labial palpi triarticulate ; mandibles short and broad. Eyes large. 
Antennae slightly thickened apically, with 12 segments. Bronotum 
nearly of equal width both anteriorly and posteriorly. Mesonotum 
longer than pronotum in the median line, at least n(‘ver shorten*. Scutel- 
luni never heart-shaped. Metanotum either rounded or witli a spinous 
process apically. Hind coxa with or without a spur idjow. Hind 
femur with less than twenty teeth, which are never minute or comb- 
like. Fore tibia with one spur ; hind tibia with two spurs. Abdomen 
elliptic or obovate in the lateral view, mort' or less compressed sub- 
apically ; the apex rounded. Ovipositor reflc'XiMl over the dorsum of 
abdomen. 

Abdomen is composed of eight tergites, not counting th(‘ median 
s(‘gnient (propodium), but/ st‘veral of the tergites are more or less tele- 
scoped and hidden from view. First- t(‘rgite is narrow and ring-like, 
forming a short constri(;ted portion betweem the median segment and 
the second (thi} Jirst apparent) tergite. Second tergite is well developed 
and in some species is longer in the median liiu' than th(v others. Third 
aiul foitL’th tergites an* usually t(‘lescoped tog(*ther but- tln^ former is 
distinctly visible in tin* female of L, wdimsls Weld. Fourth and fifth 
are together shorter than the second tergite. Sixth tergite is usually 
th(! largest Seventh is small and is easily recognised by its conspicuous 
spiracle. Eighth varies according to sex ; in female it consists of two 
halves, enclosing the ovipositor. In male several of the tergites arci 
more or le.ss fused togeth(*r. 

Species of Leucospis are parasitic in the nests of b(*es and attack 
Ckalicodotna, Megachile, Anthidium and Osmia, No work has been 
done so far on the biology of any Indian species. 

Leucospis guzeratensis Westwood^, described in 1839, was the first 
species of Leucospis recorded from India. Eleven more species and one 
variety have since been described from different parts of India : nursei 
Cameron^ and quettaensis Cameron^ from Quetta ; vifidissima Ender- 
lein^ from Ceylon ; malabarensis Brues* from Malabar, South India ; 
indiensis Weld"'’ from Coimbatore ; hengalensis Weld^ from Pusa ; mee^ 
nakshiae Mani^ from Tanjore ; bombayensis Mani® from Bombay ; 

^ Westwood, Zeitschr. Entomol., I (2), p. 253, (1839). 

* Cameron, Joum. Bombay Nat. Hist. Soc,, XVII, pj). 91-92, (1906). 

• Endcrlrin, Kntomol. Mittpil.y I (6), p. 144, (1912). 

4 Brues, Psyche. XXXll, p. 27, (1925). 

Weld, Proc.. U. S. N. Mus.. LXl. art. 6, p. 29, (1922). 

« Weld, ibid., p. 32. 

» Mani, lice. lad. Mm., XXXVII, p. 244, 11935). 

^ Mani, ibid., p. 246. 
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ramakrishnai Mani^ from Pusa and assamensis Mani^ from Assam. 
L. or 7 iatifrons Weld,® originally described from the Philippines also 
occurs in South India. L. hengalensis var. rnackenziei Mani® is known 
from Chapra, Bihar. 

A key to all the species so far described from India is given below. 
Cameron’s two species 7mrsei and queUaensis are placed in the key from 
Cameron’s descriptions only. All the species so far described from 
India have one or two transverse carinac on pronotum parallel to its 
hind margin, which latter is also sometimes carinate. The following 
nine species have a single carina on pronotum : L, indiensis Weld, 
L. darjilingensis, sp. nov., Z. ornatifrons Weld, L. inahhare^isis Brues, 
L. viridissmia Enderlein, L. meenakshiae Mani, Z. nursei Cameron and 
Z. queUaemis Cameron. 

Key to species, 

1. rronotuni with only one. traiiaverso carina parallel to 

ita hind margin ....... 2. 

Pronotum with two tranHverse carinac parallel to its 
hind margin . . . . . . .11. 

2. OvipoHitor rcHoxod over the dorsum of abdomen but not 

reaching the hind margin of the second (first appa- 
rent) tergite of abdomen . . . . .3. 

Ovijjositor reflexed over the dorsum of abdomen, reach- 
ing forward beyond the hind margin of the second 
tergite of abdomen , . . . . .4. 

3. Ovijjosilor nearly touches the anteruu margin of the 

sixth tergite ; pronotal carina faint ; hind coxa 
with a sharp angle above ; metanotum rounded 
a])ieally m ,,,,,,, L. indiensis Wold. 

4. Metanotum simple, rounded posteriorly . . , 5. 

Metanotum produced or spined (bidentato) . . 10. 

C). Oviposit(»r reaches forw'ard a little of the middle of the 

second tergite L. darjilingenais, sp. nov. 

()vij)ositor reaches forward of front margin of the second 
tergite ........ 6. 

0. Ovipositor reaches metanotum, small species • • L. omatifrons Weld. 

Ovij)ositor reaches forward beyond metanotum . . 7. 

7. Ovipositor reaches forward beyond the apex of scutel- 

lum L. malaharenaia Bnies. 

Ovipositor reaches apex of scutellum . . .8. 

8. Pronotum reticulately sculptured, length of female 

12*5 mm., colour metallic , . . . Z. viridisshna Enderlein. 

Pronotum umbilicately or rugosely punctate . . 9. 

9. Sjwts and markings mostly reddish in colour ; length 

of female y'25 mm. ; i)cdicel of antonna about half 
the length of the first funicular segment ; fourth 
funicular about three fourths length of third ; meso- 

pleura with a large sub-triangular spot . . » L, nieenakshiae Mani. 

Spots and markings gamboge, yellow ; length of female 
10 mm. ; ]H'dieel of antenna less than half the length 
of the first funicular segment ; fourth funicular 
equal to third ; mesopleura unspotted . . . Z. aaaamenaia Mani. 


^ Mani, Rec, Ind, Mua,, XXXVII, p. 248, (1935). 

* Mani, Rec. Ind, 'Mus„ XXXVIII, p. 338, (1936). 

> Weld, Proc. U, 8, N. Mvs,, LXI, art. 6, p. 22, (1922). 
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10. Hind femur with 8 teeth . . . . . . L. nursei Cameron. 

Hind femur with 10 teeth . . . . . L, quettaensis Cameron. 

11. OviiKisitor does not reach the middle of eocond tergite 

of abdomen ....... 12. 

Ovipositor reaches forward of the middle of the second 

tergite of abdomen . . . . . .13. 

12. Length of female 11-12 mm. ; propodium with distinct 

median keel and prominent lateral carinao ; hind 

femur with 10 teeth . . . . . . L. hemjahneis Weld. 

Lengtli of female 0-5 mm. ; propodium withtnit median 

keel and lateral carinac ; hin<l femur with 1 1 teeth . L. betujfilensis vac. inac- 

kenzioi Maui. 

13. Sixth tergite of abdomen most usually with spots or 

markings, rarely without ..... 14. 

Sixth tergite of abdomen always without spots or mark- 
ings ......... L. guzeratensis Wcstwoml. 

14. Length of female S*.*) mm. ; with numerous white spots 

and markings ....... L. bonibayensis Mani. 

Length of female 10 mm. ; Avith a few pale yellow or 
yellow spots ; si.xth tergite is rarely unspotted ; hind 
femur always unsjmttcd ; pubcscciujo of abdomen 

as in L. guzeraknsia Weld . . . . . L. ranuth'iahmi Mani. 

Leucospis indiensis Weld. 

1922. Leucospis indiensis. Weld, Proc. U. S. N. Mus., LXT, art. 0, p. 20, pi. iii, 
fig. 19. 

1935. Leucospis indiensisy Masi, Poll. Poc.. Eniomol. Stalimy LXVIf, (3), p. 41. 
19.36. Leucospis indiensisy Mani, Rcc. Ind. Mus.y XXXVllI, p. 339. 

This species was orij^inally described by Weld frorti a female collected 
by Dr, Jiarnakrishna Ayyar at Coimbatore, 8ou<h Jiidia. I recently 
recorded this species from tlie Simderbaiis, Bengal. Masi has recently 
described the male. 

This species is easily recognised by the single, faint, transverse 
Carina on pronoturn, ovipositor reaching only the anterior margin of the 
sixth tergite of abdomen, sharply angled hind coxa and apically rounded 
metanotum. From the closely related L. ornatifrons Weld this species 
is readily distinguished by its much larg(^r siz(‘, ovipositor not reaching 
metanotum and by colouration. 

Female. -AjQwgih 10*5-1 1*25 mm. Head somewhat wider than the 
anterior margin of pronoturn, densely clothed with silvery white pube- 
scence ; finely, closely and rugosely punctat(3. Inner border of eyes 
more pronouncedly sinuate than in L. (juzeratendfi. Ocelli reddish 
brown, the front one placed outside the antennal fovea. Vertex more 
or less striatf'd on the outer side of lateral ocelli. Occipital carina, 
though distinct betw(Hm eyes, disappears behind them. Pronoturn 
with long, faint, transverse*, carina, parallel to its hind margin and covered 
by a white, pale yellow or y(‘llow band ; the anterior white or yellow 
band on pronoturn is long, and follows its front margin ; it is separated 
from the front margin of pronoturn by a distanc^e about twice that 
between the posterior band and po.sterior margin of pronoturn ; puncta- 
tion rugose. Scutellum umbilicately punctate. Metanotum rounded 
apically. Spiracular areas of propodium densely clothed with long, 
silvery white pubescence. Hind coxa with a sharply angled upper 
margin, where there is no punctation. > 



294 Records of the Indian Museum, [ Vol. XXXIX, 

Abdomen reddish towards the base ; in the dorsal view narrowed 
just in front of and swollen behind middle, compressed apically ; in 
the lateral view broadest in tlie middle, depressed apically. Ovipositor 
very nearly touches the anterior margin of sixth tergite ; its groove is 
rather deep. 

General colour of body black ; spotted or marked white, pale yellow 
or yellow as follows : Narrow, long transverse, bands anteriorly and 
posteriorly on pronotum ; the posterior band shorter than the anterior ; 
a semi-circular spot on the smooth polished postero-iucdian area of pro- 
podium ; two small subtriangular spots postero-laterally on second 
tergite ; one narrow baud posteriorly on sixth tergite ; loro femur 
apically above ; outer basal half of fore tibia ; base and apex of middle 
tibia ; there is a broad irregular band near basal tooth ol hind femur and 
extends across front and upper margin to apex ; outside of hind tibia 
apically. 


Leucospis darjilingensis^ sp. noV. 

This new species is easily distinguished from th(‘ clos(‘ly related L, 
ornatifrom Weld, L. mmiahsltiae Mani and L. Maui. by its 

relatively shorter ovipositor and spotted eighth t(‘rgit(‘ of abdomen. 

Female , — Length 8 mm. Head somewhat wider than tlu' anterior 
width of pronotum ; not narrow in dorsal vi(‘W ; frons rugosely sculp- 
tured, moderately dens('ly pubescent ; line from front ocellus to lower 
border of clypeus nearly equal to the greatest distance betwetm eyes ; 
outer edges of scapal furrows faintly carinate ; <‘yes very slightly sinuate ; 
front ocellus outside the scapal furrows ; postocellar vspace nearly equal 
to the occllocular ; occipital carina faint ; striations on the out(‘r side 
of lateral ocellus rath(*r prominent. Pronotum alxnit three* lourths the 
length of niesonotum in the median line, with one faint transverse carina 
parallel to it-s hind margin, which is also rather faintly carinate. Pro- 
and mesonotums closely rugosely punctate. Front half of thorax 
bent downwards. Scutellum broadly rounded apically. Propodium 
slightly longer than the metanotum in the median line, without a median 
keel but with lateral carinae and hairy spiracular areas. Hind coxa 
closely and minutely punctate. Hind femur about twice as long as 
wide, closely setigerous, punctate ; teeth live ; first tooth small ; second 
long and blunt ; third and fourth longer and sliarper than second ; 
fifth tridenticulate. Fore wings faintly clouded apically. 

Seen from above, abdomen has a length about twdee its greatest 
width ; second tergite longest, with a single median longitudinal furrow 
for ovipositor ; third and fourth tergites covered. Seen from the side, 
abdomen is straight along the dorsum, narrow^ basally, wide apically ; 
finely punctate, pubescence more dense apically than elsewhere. Ovi- 
positor reaches the basal one fourth of second tergite. 

Body spotted or marked yellowish brown as follows : A broad 
band, irregular in width, which begins near the front, where it is broadest, 
extends across upper margin to apex ; a stripe posteriorly from the base 
to apex of hind tibia on the outer side ; scape of antennae below ; and 
two oblong, oblique stripes on eighth tergite. Other spots and mark- 
ings are brick red as follows ; Frons between eyes and antennal foveae, 
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broader below than above ; spur between the antennal foveae (scapal 
furrows) ; broad, curved, transverse band anteriorly on pronotum ; 
a darker band on the pronotal carina posteriorly ; a curved band at 
posterior margin of sculxdluin ; elongated spot on metaplcura ; short 
stripes above and btdow on fore femur ; fore tibia in front ; fore tarsus ; 
middle tibia in front ; middle tarsus ; hind coxa at base above and 
at apex below ; hind tarsus ; pair of oblique bands on second tergite, 
beginning antero-inedially and running latero-posteriorly, narrow at 
base and broad apically ; narrow transverse band on fifth tergite ; 
broad transverse band posteriorly on sixth tergite. Propodium un- 
spotted. 

Holotype. -Ono pinii<*d female, Mus. Coll., Darjiling, Himalayas, 
1000-3000 ft., May, 1912. Heg. No. 1571/H3. In the collections of 
the Zoological Survey of India, Indian Museum, Calcutta. 

Leucospis ornatifrons Weld. 

1922. Leurospi^^ ornatifrons, VV^ld, Pror. U. S. N. Mas., IjXI, art. 0, p. 22. 

1935. Leucospis oniallfrons, Masi, Boll. tioc. JCnlomol. Italina, LXVII, p. 41. 

1935. Leucospis ornatifrons, Maui, lice. Ind. Mus., XXXVIT, p. 246. 

This sp(*(*ies was desciibed by Weld from Manila, Philippine Islands 
and was later recorded by ]\Tasi from Borneo and other places. It is 
represented by one sp(‘cim('n in a collection of Leucospids from South 
India r(*c,eived about thrcie years ago from Dr. Raraakrishna Ayyar, 
l)earing tli(‘ label Coll. T. V. II., Salem, 2-8.xii.1914 

This is a small sp(M*ies (hmgtli about 0-7 mm.) with a single carina on 
inonotum, in which respect it resembhvs L. darjilrngmsis, but it is easily 
distinguislied from th(‘. latte r species by its rather long ovij)ositor reach- 
ing metanotuni. Face has a conspicuous ycllowdsh marking. Sixth 
tergite of abdomen and pleurae are spotted. Median segment is un- 
spotted. 

Leucospis malabarensis Brues. 

1926. Leucospis mdubarensis, Brues, Psyche, XXXll, p. 27. 

This is a medium-sized species easily recognised by the single pro- 
notal carina, carinate posterior margin of pronotum, ovipositor reaching 
forward of the apex of scutellura, apically rounded metanotum and 
yellow and ferruginous markings. Frons minutely and reticulately 
sculptured. Outer edges of scapal furrows are distinctly carinate. 
Basal tooth of hind femur is small, the next three long and widely sepa- 
rated, fifth shorter, sixth compound. Pleurae and spiracular areas of 
propodium have long, villous, silvery white pubescence. 

According to Brues this species differs from L. nursei Cam. and L, 
qneltaensis Cam. in the apically rounded metanotum. The species is 
known from Malabar, South India. 

Leucotpb viridissima Enderlein. 

1912. Leucospis viridissima, Enderlein, Entomdl, MiUeil,, I, p. 144* 

This Ceylonese species is distinguished from all the other Indian 
species so far described by its metallic colouration. From L, mala^ 
barensis it is further distinguished by its much larger size (length 12*6 
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mm.) and shorter ovipositor. Pronotum reticulately sculptured ; meso- 
notum and scutellum are also similarly sculptured. Head, thorax, 
abdomen, legs, antennal scapes and sheath of ovipositor are deep metallic 
green ; dorsum of thorax and anterior part of abdomen are not, however, 
metallic. 


Leucospis meenaksldae Mani. 

1936. Leucospis meenakshiaet Mani, Rec. Ind. Mus., XXXVII, pp. 244-246, 
fig. 2. 

This species very closely resembles L. ornatifrons Weld, from which, 
however, it is easily distinguished by the relatively longer ovipositor, 
clouded fore wings and other characters. Spots and markings are usually 
more reddish or orange than yellow. 

Female, — Head transverse, slightly wider than the anterior margin 
of pronotum ; frons rugosely punctate, shortly pubescent ; outer edges 
of scapal furrows distinctly carinate ; there are two faint depressions a 
little below the lower level of scapal furrows ; line from the front ocellus 
to the lower level of clypeus about equal to the greatest distance between 
eyes ; malar space about one fourth the length of eyes ; eyes slightly 
sinuate ; front ocellus at the apex of the antennal foveae ; postocellar 
space about one half the ocellocular ; occipital carina prominent in the 
median line and faint behind the eyes ; occiput is faintly striate outside 
the eyes. Propodium almost equal in length to metanotum in the 
median line, nearly twice laterally, without median keel but with pro- 
minent lateral carinae and hairy spiracular areas. Hind coxa closely 
punctate. 

Holotype re-examined. Coll. Miss Meenakshi, Tanjore, 29-xi-1932. 
Reg. No. 893/H3. Iji the collections of the Zoological Survey of India, 
Indian Museum, Calcutta. 

Leucospis assamensis Mani. 

1936. Leucospis assamensis^ Mani, Rec, Ind, Mus., XXXVIII, p. 339. 

This species agrees with L, meenalcsMae Mairi in all essential characters 
but differs in the following > 

Female, — Head densely clothed with silvery white pubescence. All 
spots and markings on body are wholly gamboge yellow. Pedicel of 
antenna somewhat less than half the length of first funicular segment. 
Hind femur glossy, more finely and closely punctate than hind coxa ; 
third tooth stouter than second. Spot on face between eyes and scapal 
furrows relatively larger and contiguous wdth eye and borders of furrows. 
Anterior band on pronotum not dilated at ends. Mid-dorsum of meso- 
notum unspotted. Mesopleura usually unspotted. There is sometimes 
a minute subelliptic spot on either side of eighth tergite of abdomen. 
Metanotum usually rounded apically, sometimes slightly pointed. Late- 
ral Carina on propodium faint. Fore wdngs hyaline basally and faintly 
clouded antero-apically. 

Hohtype re-examined. Coll. S. E. Peal, Sibsagar, Assam, Reg. Na 
930/H3. In the collections of the Zoological Survey of India, Indian 
Museum, Calcutta. 
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Leucotpis nurse! Cameron. 

1906. Leucoapia nuraei, Cameron, Joum. Bornhay Nat. Hist. Soc., XVII, p. 92. 

This species was described by Cameron from Quetta, and has not 
since been recognised, though Brucs (2) discusses its relationship to L, 
malahnrensis Brues in the light of Cameron’s description. 

Leucospis quettaensis Cameron. 

1906. Leucoapia quettaensis, Cameron, Journ. Bombay Nat. Hist. Soc,, XVII, 
p. 91. 

This species, described by Cameron from Quetta, has not also been 
since recognised. According to Cameron it differs from L. nursei Cameron 
mainly in its smaller size. 

Leucospis bengalensis Weld. 

1922. Leucospis bengalensis. Weld, Proc. U. S. N. Mus., LXl, art. 6, p. 32. 

1936. Leucospis bengalensis, Mani, Bee. Ind. Mus., XXXVIII, p. 339. 

This species has two pronotal carinae. It was originally described 
by Weld from females collected by Dr. Ramakrishna Ayyar at Pusa. 
I recently described the male from a specimen in the material received 
from Dr. Hem Singh Pruthi, Imperial Entomologist, New Delhi. 

The female ranges in length from about 11 to 12 mm. Occipital 
Carina is not very high. In addition to the two usual carinae, the hind 
margin of pronotum is also carinate. Fore wings are dark and have a 
purplish iridescence. Hind coxa is unspurred above. Propodium has 
a distinct median keel and prominent lateral carinae. Ovipositor reaches 
the basal fourth of second tergite ; fovea of ovipositor reaches the base 
of abdomen. 

Male. — Length 10 mm. Head narrower than the anterior margin 
of pronotum ; coarsely rugosely sculptured ; covered with moderately 
dense, short, silvery white pubescence ; line from front ocellus to the 
lower edge of clypeus about one and one third the greatest distance 
between eyes ; clypeus sinuate at lower edge, with minute teeth in the 
median line ; eyes very slightly sinuate ; post-ocellar space somewhat 
less than ocellocular ; tliird funicular segment of antennae somewhat 
shorter than fourth. Pronotum transversely rugosely punctate ; almost 
equal in length to mesonotum in the median line ; with two transverse 
carinae parallel to its hind margin, which is also carinate, anterior carina 
short, posterior long. Mesonotum somewhat more coarsely sculptured 
than pronotum. Scutellum coarsely umbilicately punctate. Propo- 
dium about twice the length of metanotum in the median line, rugosely 
sculptured, median keel absent, lateral carinae prominent, spiracular 
areas hairy. Hind coxa closely punctate. Hind femur finely, closely 
and setigerously punctate, twice as long as wide, with ten teeth beneath ; 
front tooth broad and blunt ; second small, next longer, the last four 
gradually growing smaller and semifused. 

Abdomen almost equal to the rest of body in length, seen from above 
narrow and constricted in the second tergite ; swollen behind ; sixth 
tergite largest and covers three fourths the abdomen. Wings brown, 
with a slight iridescence. Scape yellowish white beneath nearly the 
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whole of its length. Hind coxa unspotted. A narrow, transverse 
ycllowisli band at basal third and two large uapiform markings laterally 
at basal two thirds on sixth tergite. A small spot on anterior carina on 
pronotum in the median line. 

Allotype re-examined. Coll. F. M. Hewlett, Pusa. 4-iv-]911. 

Leucospis bengalensis var. mackenziei Mani. 

11)30. Leucospis bcngalensis, var. mackenzleit Mani, Rec. hul. Mas,, XXXVIII, 
p. 339. 

This variety of L. bengalensis Weld is easily distinguislied from the 
typical form by the following characters : — 

Female. — Length 9‘5 mm. Markings on antcirior carina on prono- 
tiim relatively longer in some specimens. Propodiiim without a median* 
keel or lateral carina. Hind femur with 11 teeth, basal tooth broad and 
l>lunt, second and third teeth minute, fourth to seventh large, eighth to 
eleventh small, semifused. Face relatively more densely clothed with 
longer silvery white hairs. 

Ilolotype re-examined. Coll. Mackenzie, Cliapra, Biliar. Originally 
d('scrib(!d from a specimen received from Dr. Hem Singh Pruthi, imperial 
Entomologist, New Delhi. 

Leucospis guzeratensis Westwood. 

17S7. Lviirospis pitiolala, Mantis-s. Ins., 1, ]). 2Sr). 

1793. Li ncospis pelioUiid, Kabricius, LntomoL, 11, p. 247. 

. 179S. IjCKcoiipis (dm. FabrKius, t^ifsl. Lnfomol., vSu])pl., p. 259. 

1S39. Leucospis (dm. Weslwoofl, Zeiisrhr, Knlowol., 1, (2), ]). 252. 

1839. Leu('ospis pelioUda, Wc.sivvoocl, Zcitschr. Lnlontol., J, (2), j). 253. 

1839. Leucospis (juzcmten.sis. Westwood, Zcitschr. Kntomol., I, (2), p. 253. 

1890. Leucospis (juzcridensis, Schletterer, Berlin. Lnlomot. Zeiisrhr., XXXV, 
}). 224. 

1898. Leucospis (fuzer(d( nsis, Dulla Torro, Cat. if y men.. \\ p. 411. 

1909. Leucospis (juzendensis. NohniiodckiiCH ht, den. ins.. Jas.. 97, p. 10. 

1922. Leucospis (juzcridensis. Weld, Proc. V. S. N. Mus., LXl, art. 6, p. 33. 

This species is easily recognised by the two transverse carinac on 
j)ronotuni, relatively long ovipositor reaching forward of the middle of 
the second tergite, single spot on pronotum aiul unspotted sixth tergite. 
It exhibits a great variation in size, the length ranging between 9-12 mm. 
It was originally described from Gujerat, Bombay Presidency and Tran- 
quebar, Madras Presidency. It is represented by one female in a small 
collection of Leucospids (taken at Coimbatore) received from Mr. M. C. 
Cherian, Government Entomologist, Coimbatore. Weld has also 
recorded the species from the same place. 

From L. bengalensis Weld this species is distinguished by its rela- 
tively longer ovipositor ; large, sharp, basal tooth and blunt, small 
apical teeth of hind femur ; basally and posteriorly semi-hyaline fore 
wings ; absence of median keel on propodium ; and an irregular trans- 
verse band on anterior pronotal carina. 

Leucospis bombayeosis Mani. 

1935. Leucospis bombayensis. Muni, Jicc. lud. Mus., XXXVII, p. 246. 

This species resembles L. guzeratensis Westw. in its two pronotal 
carinae and long ovipositor but it is easily distinguished from it by its 
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smaller size, spotted sixth tergite and non-iridescent fore wings. It 
bears a superficial rcsomblanco to L. omatifrons Weld and L, meertah 
shiae Mani, from both of which it is easily separated by the presence of 
two carinae on pronotum. 

Female. — Head somewhat wider than the anterior margin of pro" 
notum, densely clothed with silvery white hairs ; line from the front 
ocellus to the lower border of clypeus about equal to inter-ocular space ; 
eyes very slightly sinuate ; postocular space twice the occllocular ; malar 
space about one fourth the length of eye ; occipital carina wanting ; 
striations on the outer side of lateral ocelli rather faint. Pronotum 
rather bent downwards, with two transverse carinae paralhd to its hind 
margin, which is also carinate. Propodium about twice the length of 
metanotum in the median line, without a median keel but with distinct 
lateral carinae and hairy spiracular areas. Scutellum obtusely rounded 
apically. 

Holotyjpe re-examined. Coll. R. B. S. Sewell and H. S. Rao, Satara, 
Bombay, 24-iii-1932. Reg. No. 894/H3. In the collections of the Zoolo- 
gical Survey of India, Indian Museum, Calcutta. 

Leucospis ramakrishnai Mani. 

1936. Leucoapis ramakriahnai, Mani, Bee. hid. Mus., XXXVTI, p. 248. 

This species is very closely related to L. guzeratensis Westw. and 
L. bengaknsis Weld. From the former it is easily distinguished by its 
unspotted hind femur, usually spotted sixth tergite and two small spots 
medially on anterior carina of pronotum. From the latter it is distin- 
guished by its relatively longer ovipositor. 

The species was originally described from Pusa. In a small collection 
of Leucospids recently received from Mr. M. C. Chcrian, Government 
Entomologist, Coimbatore, it is represented by one female bearing the 
label : ‘‘ Pudur, Visiting flov/ers of Mango ”, This is the first record 
of the species from South India. 

Female. — Head almost as wide as anterior margin of pronotum ; face 
rather densely clothed with long, silvery white hairs ; line from the front 
ocellus to the lower edge of clypeus about one and one seventh of the 
inter-ocular space ; malar space about one third the length of eye ; 
clypeus truncate at the lower edge ; eye distinctly sinuate ; spur between 
scapal furrows carinate ; occipital carina rather prominent between 
the two lateral ocelli, wanting beyond ; postocellar space about one and 
one fourth the ocellocular. Lateral margin of pronotum carinate. 
Scutellum obtusely rounded apically ; transversely and deeply punc- 
tate along the posterior margin. Propodium slightly longer than the 
metanotum in the median line, without median keel but with prominent 
lateral carinae and hairy spiracular areas. Fifth tergite of abdomen 
about one and one fourth times the fourth tergite along the median line. 
Ovipositor reaching a little forward of the basal fourth of second tergite. 
Second tergite is more densely hairy and sculptured than sixth tergite. 

Holotype re-examined. Coll. Eamakrishna, Pusa, 23-V-1906. Reg. 
No. 885/H3. In the collections of the Zoological Survey of India, Indian 
Museum, Calcutta. 
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Genus Epexochlaenoidet Girault. 

1916. KpexochUienoideSt Girault, Mem. Queensland Mus., IV, p. 357. 

1922. EpexochlaenoideSf Weld, Proc. V, S. N. Mus., LXT, art. 6, p. 35. 

This genus bears a general resemblance to Ijeucospis but differs in the 
comb-like teething following the large basal tooth of hind femur (teeth 
over twenty in number) ; pear-shaped, apically subglobose abdomen ; 
and large sixth tergite. Only two species of this genus are known : 
E, bicinctus Gir. from Australia and E. pyriformis Weld from India. 


Epexochlaenoides pyriformis Weld. 

1922. KpexocMaenoides pyriformisy Weld, Proc. U. S. N. Mus.y LXI, art. 6t 
p. 36. 

1936. Epexochlaenoides pyriformiSy Mani, /?cc. Jnd. Mus.y XXXVTII, p. 338. 

This species was originally described by Weld from Pusa and I recently 
recorded it from Bombay. In a collection of Chalcids received for iden- 
tification from Dr. Hem Singh Pruthi, Imperial Entomologist, New 
Delhi, this species is represented by a series of specimens labelled as 
parasitising Rhynchium nitidulum. 
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ACANTHOCEPHALA FROM INDIA. 


Description of the Male of £08Enti8 riqidus Van Cleave occur* 
RING IN THE INTESTINE OF SOlZOTHORAX ZARUDNYI FROM SeiSTAN. 

By M. N. Datta, M.Sc., Zoological Survey of India, Indian Museum, 

Calcutta, 

Van Cleave^ erected the genus Eosentis from a single female specimen 
and no male of E, rigidus has ever been described so far. Recently, 
however, I found both males and females of this species in the intestine 
of Scizothorax zarudnyi collected by Dr. N. Annandale from Seistan. 
Thirty five specimens, of which twelve are males, were taken out of the 
small intestine of one fish. As the specimens were rather stiff owing 
to the action of preservatives for many years, they were softened in a 
mixture of alcohol and glycerine, spread out and pressed between two 
slides, stained and mounted in balsam. The identification was confirmed 
by examination of the holotype in the collections of the Indian Museum. 

According to Van Cleave Eosentis is distinguished from the other 
closely related genera by the difference in the number of cuticular nuclei, 
though the exact number is not mentioned by him. The nuclei are 
quite distinctly seen in the holotype ; there are 8-9 cuticular nuclei in 
the mid-dorsal and 1-2 in the mid- ventral lines. This number is found 
constant in a large series of specimens and may, therefore, be taken 
as the distinguishing character of the genus Eosentis, In this respect 
Eosentis differs from the closely related Neoechinorhynchus, in which 
there are only 4-5 cuticular nuclei in the mid-dorsal and 1-2 in the mid- 
ventral lines. Another point in which this genus differs from Neoechino- 
rhynchus is the number of the nuclei m the lemnisci ; in Eosentis there 
are always 3 in both, while in Neoechinorhynchus there are 2 in one and 
1 in the other. On the basis of these characters I have placed two of 
my recent species devdevi and yalei'^ in Eosentis, There are 6-8 nuclei 
in the prostatic gland in Eosenlis, 

The proboscis is short and globular with 3 circlets of 6 hooks each. 
The hooks of the anterior circlet are nearly twice the length of those 
of the middle and basal circlets. The proboscis sheath is single-walled, 
thick and muscular, with the nerve gland situated near its base. The 
two lemnisci are filamentous structures and some times reach up to 
the anterior end of the posterior testis. Each lemnisci has 3 nuclei. 

The male genitalia consists of two oval testes, situated one behind 
the other and closely apposed. The vasa efferentia from the testes 
join each other near the prostatic gland and form the vas deferens, 
which ends in a muscular cone-shaped penis. Frostatic gland is a 


1 Van Cleaye, H. J. — ^Two New Genera and Species of Aoanthocephala from fishes 
of India. Bee, Ini, Mtu,, XXX, pp. UT-UR (192S). 

* Datta, M. N. — Scientific results of the Yale North India Expedition. Biological 
BtpoH No, 20, Helminth parasites of Fishes from North India, with special reference 
to Acanthocephalans. i^ec. Jnd. Mue., XXXVUJ, pp. ^1-229 (1936). 
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smgle syncytial mass having 6-8 nuclei in it. It leads into a prostatic 
reservoir which gives out a prostatic duct leading to the base of the 
penis. There is a baloon-shaped, thin-walled seminal vesicle and an 
eversible bursa. 

The female genitalia agrees with the description of E, devdevi of 
the author (1936). 

Measurements, — Males 2*4 — 7*5 mm. X 0*65 — 0*92 mm.; females 
4*8 — 12*0 mm. X 0*7 — 1-5 mm.; proboscis 1-21x1 ‘10 mm.; proboscis 
sheath 0*35x0-22 mm. ; lemnisci (i) 4-31x0*24 mm., (ii) 3-92x0-24 
mm.; testis anterior 1-12x0-65 mm., posterior 1-10x0-70 mm.; 
prostatic gland 0-79x0-40 mm. ; prostatic reservoir 0*24 x015 mm. ; 
seminal vesicle 0-62x0-22 mm. ; bursa 0-88x0-40 mm. ; hooks anterior 
0-130 mm., middle 0-050 mm., basal 0-045 mm. 

Allotype, — In the collections of the Zoological Survey of India, Indian 
Museum, Calcutta. 

Host, — Sdzothorax zarudnyi (Nikolsky), 

Location, — Intestine. 

Locality. — Hamun-i-Helinand near Labi. 

I wish to record my grateful thanks to Dr. Baini Prashad, Director, 
Zoological Survey of India, Indian Museum, Calcutta, for giving me 
facilities and direction in my work. I must also record my gratefulness 
to my colleague the late Mr. Dev Dev Mukerji, who gave me the para- 
sites he found in the fishes in the course of his work on the intestinal 
contents of fishes. 


ltGlFa-^.-UI.8^21.e47-400. 
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Scolioacolides hergtheili (Michaelson) . . 

Roferencos 


Introduction. 

On studying the descriptions of the Indian species of Megascolides, 
it was noted that one, M. hergtheili Michaelsen 1907, is distinguished 
from all other Indian species by a combination of characteristics that is 
also foun<l in the genus Eutyphoeus. Examination of the types shows 
that bergtheili actually is marked by a complex of characteristics so 
distinctive as to necessitate generic separation. 

The author’s thanks are tendered to Dr. B. Prashad, Director of the 
Zoological Survey of India, for the opportunity of examining these 
interesting worms. 


Scolioscolides, gen. nov. 

Diagnosis , — Setae lumbricine. Bithecal, spermathecal pores on 7/8. 
Male pores on xviii. One gizzard in a space formed by the disappear- 
ance of septa 6/7 — 7/8. Calciferous glands, intestinal caeca (both paired 
and unpaired) and supra-intestinal glands as in Eutyphoeus. Last 
hearts in xiii. Excretory organs (closed cxonephric?) micronephridia. 
Holandric. Prostates tubular. Vasa deferentia pass into the entalmost 
portion of the prostatic duct. Spermathecal diverticula open into 
ental portion of the duct. 

Genotype and only species, Megascolides bergthetti Michaelsen 1907. 

Distr^ution . — Known only from the type locality. Especially 
noteworffiy is the nearness of that locality to the central portion of the 
EutyphoeMs area. 

Remarla . — The definition above is tentative and liable to modifica- 
tion if and when other species are found but for the present at least, 
adequately distinguishes the genus from all other Megascolecid genera. 

Systematic RELATiONsraps of Scolwscolides. 

ScdioscoUdes is remarkably like the genus Eutyphoem and especially 
certain holandric species of that genus. Similarities are as follows: 
muscularity of septa 4/6 — 6/6 and 8/9 — ’10/11, absence of 6/7 — ^7/8, 
close crowding of 8/9 — 10/11 ; location of the heari» of vi-viii with relation 
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to the gizzard, presence of hearts in xiii ; presence of a single, large 
gizzard, of paired and unpaired intestinal caeca and of characteristic 
calciferous and supra-intestinal glands with associated modifications of 
the vascular system; closed, exonephric(l), micronephridial excretory 
organs ; size and location of spermathecal pores and number and struc- 
ture of spermathecae ; tubular prostates. In addition, and in part 
at least of minor importance, may be mentioned : secondary annula- 
tion ; paired female pores ; the genital markings which are similar to 
those often found in Eutyphoeus ; the number and location of the seminal 
vesicles ; and the band of nephridial tubules in iii. Furthermore the 
median and unpaired, ventral intestinal caeca are known only from 
AScolioscolides and Eutyphoeus. 

In contrast to the list above, a statement of differences between 
Scolioscolides and a considerable portion of the holandric section of 
Eutyphoeus comprises only the following : absence of penial setae, rudi- 
mentary condition of the typhlosole, location of the male pores on xviii, 
ental union of the vasa deferentia and the prostatic duct to open to the 
exterior by a common aperture. Of these, only the latter two now 
appear to be of especial importance. 

Scolioscxdides is Megascolecine (Stephenson 1930) or Megascolecid 
(Michaelsen 1921). Eutyphoeus is equally clearly Octochaetinc (Stephen- 
son 1930) or Acanthodrilid (Michaelsen 1921). But Eutyphoeus and 
Scolioscolides, if morphological similarity is valid evidence of relation- 
ship and if the extent of that similarity is an index of the closeness of 
relationship, are much mor^ closely related to each other than either 
is to any other known genus. Transfer of cither genus to the other 
subfamily or family will force the elimination from the definition of the 
subfamily or family of just those characteristics that alone distinguish 
it from the other vsubfamily or family. Union of the two subfamilies 
(or families) is undesirable as the group so produced cannot be defined 
morphologically. 

Convergence, an explanation that might have been acceptable to 
Stephenson, permits the retention of the two genera within the Octo- 
chaetinae and Megascolocinae (or Acanthodrilidac and Megascolecidae) 
without modification of present definitions. But such retention is 
possible only by abandoning, almost entirely, morphological similarity 
in favour of hypothetical phyletic seriation as a basis for classification. 

Recent classifications (Michaelsen 1921 and Stephenson 1930) have 
been marked by limitation of reference, especially in generic diagnoses, 
to a few organs, structures or characteristics, and with more attention 
to, and greater emphasis on, phyletic seriation than morphological 
similarity. Such procedures have produced families and genera admitted- 
ly polyphyletic or under suspicion of polyphyly ; groups in which mor- 
phologically dissimilar forms are closely related while morphologically 
similar groups are only distantly related ; in one case at least, a generic 
definition that “ is so indefinite as to be meaningless ” (Stephenson, 
1930, p. 867); and have led Stephenson (1921) to argue for morphologi- 
cally identical though phylogenetically distinct genera. In these cir- 
cumstances, as might be expected, some of the family and (or) subfamily 
definitions are little more than statements of assumed evolutionary 
development. 
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Thus the only morphological distinction between the subfamilies 
Megascolecinae and Octochaetinae (Stephenson, 1930) is the union of 
the male and prostatic apertures in the former and the lack of such 
union in the latter, a characteristic that has been denied even generic 
value at times by both Stephenson and Michaelsen. 

This discussion will be continued and also concluded, for the present, 
in the section on phylogenetic relationships of the next article in this 
series, ‘‘ Indian earthworms. III. The genus Eulyphoeus.'' 

ScolioscoUdes bergtheili (Michaelsen). 

1907. M rgaecoHdes bergtheili^ Michaelfton, Mitt. Mns. Hamburg^ XXIV, 
p. 150. (Type locality, Sandakphu in Darjiling district, Kastern 
Himalayas. Types in the Indian and Hamburg Museums). 

1909. Megascolides bergtheili^ Michaelsen, Mem. hid. Mvft. T, p. 159. 

1910. Megaacolidvs bcrgtheilif Michaelsen, Abh. Nat. Ver. Hamburg, XIX, 

(5), p. 9. 

1916. Megascolidea bcrytheih\ Michacdsen, Mjobergs Austral. Exp. p. 48. 
(Prostates). 

1923. Megascolidea berglheili, Slophonson, OligochaeJa^ in F. U. 1. Series, 
p. 196. 

Material examined.- tom the Indian Museum ; 2 clitellate, undissected 
specimens labelled, “ Megascolidea bergtheili Michaelsen. Sandakphu, 
B. Sikkim. Messrs. Bergtheil and Burkill. Ty^x^s. ZEV 2951/7.” 
One of the specimens is ruptured in a postclitellar region. 

Not examined. — 3 s|xx'imena from the type series in the Hamburg Museum. 

External characteristics. — There is a well developed sec'.ondary anniila- 
tion similar to that found in species of Eutyphoeus and Tonoscolex. On 
iv there is a single, deep, postsetal secondary furrow ; on v, a slight 
presetal and a deep postsetal furrow ; on vi, a slight presetal, a deep 
postsetal and a slight postsetal ; on vii, as on vi ; on viii, a slight presetal, 
a deep presetal, a deep postsetal and a slight postsetal ; on ix, a slight 
presetal, a deep pre.setal and two slight postsetal furrows ; on x, a deep 
presetal, a deep postsetal, a slight postsetal ; on xi and xii, a deep presetal 
and a deep postsetal (listed in anteroposterior order). 

The setae begin on ii and are small. On x, ah<cd<aa<bc while 
on xxii alxcxUhc but be is only very slightly greater than cd, while 
ab and cd are nearly equal ; at the middle of the body cd is very slightly 
smaller than be which is smaller than aa. Setae a and b of xviii are 
lacking or invisible. 

The first dorsal pore is on 11/12 (2), a pore-like but apparently non- 
functional marking on 10/11 (one specimen). 

The clitellum is reddish brown, conspicuously protuberant (except 
on xiii), extending from 12/13 to 17/18 an<l possibly very slightly onto 
xviii. Intersegmental furrows and dorsal pores (except on 12/13 and 
17/18) are lacking but the sites of the pores are indicated by tiny de- 
pressions, setae present but deeply retracted, the tips visible only as 
minute black dots at the bottom of tiny crater-like depressions. 

The spermathecal apertures are on 7/8, in ab, slightly median to b. 

There is a pair of female pores anteriorly on xiv, each just anterior 
and median to a, the pores located in paired or unpaired transversely 
alit-Uke depressions. 
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The male pores are small, transversely crescentic, the concave side 
of the crescent facing anteriorly, the centre about on line 6, each pore 
on the ventral face of a slightly protuberant, almost circular, rather 
soft papilla, the anterior half of which is very slightly more protuberant 
than the posterior half, the papilla in ah but extending slightly median 
to or nearly to a and laterally into he. Each tubercle is sunounded by 
a thick, conspicuously raised rim that is sharply demarcated peripherally 
and separated from the male pore tubercle by a narrow but fairly deep 
groove. As a result of the presence of this groove the male pore tubercle 
has a rather shortly penis-like appearance. Rim and tubercle together 
constitute a porophore that is shortly elliptical in outline, transversely 
placed, extending mesially nearly to the mid- ventral line, laterally nearly 
to mid 6c, anteriorly to the presctal secondary furrow and posteriorly 
to 18/19. The porophores are connected mid-ventrally by a low, 
wrinkled ridge that is restricted the middle (setal) annulus of xviii. 

The genital markings arc unpaired and segmental, on xii, xiii, xx, 
a half-marking on xxi on the left side. The markings extend anteriorly 
to the intersegment a 1 furrow, posteriorly to the postsetal secondary 
annulus or to or nf‘arly to the intersegmental furrow, setae a and 6 on ^he 
marking and always nearer to or actually on the posterior margin. 
The markings extend laterally into the median portion of 6c. Each 
marking has a sharply demareati'd, e,onspicuoiisly protuberant, narrow 
rim. The area within the rim appears to be depressed but actually is 
about. at the general epidermal level, the surface smooth and flat. This 
central portion has a greyish cranslucent appearance, with a faint indica- 
tion at the mid-ventral line of being marked off into two distinct portions. 
The marking of xxi is on the left side but extends mesially slightly onto 
the right side. On the second specimen the markings are on xi, xii, 
xiii and xx. The marking of xi has the anterior and posterior portions 
of the rim united at the mid-ventral line to separate completely two 
central areas. 

hiter^ial Septa 4/5— 5/6 are thickly muscular, 6/7— 7/8 

lacking ; 8/9 -10/11 muscular and fairly close together behind the gizzard ; 
11/12 delicate and transparent but apparently complete. The last 
five segments are filled with a brownish, granular material in which 
are embedded parasitic cysts. 

The gizzard is large, in the space betw'een 5/6 and 8/9. The intestine 
begins in xv (2). The calciferous glands are in xii and are of the Euty^ 
phoeus type. More than 50 vertical partitions were counted in one 
gland. The intestinal caeca are in xxi, pointed, small but quite definite, 
arising from the dorsal side of the gut and directed dorsally, except that 
in the second specimen the left caecum though rising dorsally is bent 
anteriorly. There are five mid-ventral, unpaired intestinal caeca, in 
xxiv-xxviii. Each of these caeca is fairly large, about 1 mm. long, with 
pointed tip, gradually widened passing posteriorly and dorsally to the 
gut. The apertures into these caeca on the floor of the gut are oval, 
large and readily visible, a viscid slime in which are flocculent brownish 
particles passing through the aperture into the caecal lumina. The 
typhlosole is represented only by a low ridge that terminates posteriorly 
with the supra-intestinal glands. The supra-intestinal glands are two 
pairs located either in lix-lx or Ix-ki the anterior pair less than half the 
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size of the posterior. These glands have an internal structure and 
attachment to the gut similar to that in E^yphoeus. 

The last pair of hearts is in xiii (2). There is a pair of hearts in each 
of segments ix-xii. Posterior to the gizzard and just in front of 8/9 the 
dorsal blood vessel gives off two pairs of vessels (hearts of vii and viii) 
which pass ventrally and (apparently) into the ventral trunk. These 
commissures are not filled with blood, are covered by a furry sort of 
tissue and in addition are bound to the ventrolateral trunks near the 
ventral blood vessel by tough, opaque connective tissue. The dorsal 
blood vessel is continued anteriorly into iv. Just anterior to the gizzard 
the dorsal blood vessel gives off a pair of vessels (hearts of vi) which 
pass ventrally and possibly into the ventral trunk though this connec- 
tion has not been identified definitely. Heart-like commissures are 
visible in iv and v. The ventrolateral trunks were noted only in 
vi-viii. In xii-xiii a supra-oesophageal trunk is present (second 
specimen). This vessel bifurcates in xii, each of the two branches passing 
laterally at right angles to the trunk and at the margin of the gut break- 
ing up into three branches which pass into the gut wall. Posteriorly 
the supra-oesophageal is not visible behind 13/14 and in xiii gives off 
on each side several branches to the dorsal face of the gut. From segment 
Ixi or Ixii posteriorly for several segments there is protuberant into the 
lumen of the gut from the floor at the midventral line a conspicuous, 
blood-filled longitudinal vessel. Anteriorly this vessel divides into two 
branches that are visible on the coelomic wall of the gut as they pass 
dorsally in lx or Ixi into the supra-intestinal gland of the segment. No 
subneural has been found in the posterior portion of the body. 

In iii, on each side, there is a transversely placed band of nephridial 
tubules on the parietes. The excretory organs arc micronephridfit. 
From xii posteriorly there is usually a nephridium on each side just 
dorsal to d, another in, just dorsal or ventral to line c, and several closely 
crowded in the median portion of he. In the posteriormost GO segmente 
the median nephridium on each side in each segment is quite obviously 
larger than the other nephridia but just as obviously is a micronephri- 
dium. 

The testicular coagulum in each of segments x and xi is compacted 
into a hard mass ; that in x U-shaped, that in xi annular and completely 
surrounding the gut. Tlie mass in xi very much resembles a testis sac 
such as is found in c(»rtain species of Euiyphoeus but it was not possible 
to separate off from the testicular coagulum anything in the way of a 
bounding membrane although such may have been present. The hearts 
of xi are imbedded at least in part in the coagulum but slip out on slight 
manipulation leaving a definite groove. The male funnels are charac- 
terized by a brilliant iridescence. The seminal vesicles of xii arc medium 
sized, not reaching up to the dorsal blood vessel but pushing 12/13 — 13/14 
back into contact with 14/15. Each of these vesicles is tough, the margin 
incised. The vesicles of ix are vertically placed on the anterior face 
of 9/10. 

The prostates are confined to xviii-xix, tubular, the lumen small, 
slit-like, central or nearly so. The duct is about 1| mm. long, whitish, 
with a slight sheen, the ectal 1 nun. slightly thicker and straight, the 
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ental portion looped. The vasa deferentia pass into the duct shortly 
after the latter emerges from the prostatic gland. 

The spermathecal duct is shorter than the ampulla, not abruptly 
narrowed within the parietes, rather flattened antero-posteriorly, the 
relatively large lumen irregular due to a vertical ridging of the walL 
The diverticula which pass into the duct on the right and left sides are 
practically sessile and are characterized by a spermatozoal iridescence. 
Each diverticulum is shortly ellipsoidal or more or less definitely marked 
off into two or three lobes. 

The longitudinal musculature is uninterrupted above the genital 
markings. 

Remarks , — The diagnosis, admittedly tentative, is similar in form 
to that developed in course of a revision of the Indian species of Euty- 
phoeus. 

Diagnosis - MqXq ])ores small, transversely crescentic, centres about 
on h, each pore on the ventral face of a small, rather penis-like papilla 
at th(^ centn* of a porophore of transversely and shortly elliptical out- 
line that (extends from the presetal secondary furrow to 18/19 and from 
just lateral to the mid-ventral line into mid hr. Genital markings un- 
paired, on (xi) xii-xiii, xx (xxi), primarily presetal(?) but extending 
posteriorly to or n(*arly to the intersegmental furrow and laterally into 
mid be. Female pores paired. Sperrnathecal pores in ab. First dorsal 
pore on 11/12. l]npigmented(?). Length 100-120 mm. Diameter 
4^-5 mm. 

Lateral intestinal caeca in xxi ; ventral caeca in xxiv-xxviii. Supra- 
intestiual glands in lix or lx to lx or Ixi. Dorsal blood vessel continued 
into iii with liearts in iv-vi. Holandric; testis sac annular(?). Sper- 
i^athecal diverticula paired, median and lateral. Longitudinal mus- 
CHilature uninterrupted above the genital markings. 

Distrilmt io7i. - Knomi only from the type locality, 8andakphu, 
Darjiling district, Bengal. 
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SYSTEMATIC POSITION, GEOGRAPHICAL DISTRIBUTION AND 
EVOLUTION OF THE CYPRINOID GENERA WITH A PROCUM- 
BENT PREDORSAL SPINE. 

% Sl'nj>];r JjAi. Hoba, D.Sc., F.R.S.E., F.N.I., AssistntU tiuperin- 
Imdent^ Zoological Survey of Iwlia^ Cahulta, 

Tlio M ysUtcolcucHfi-gnm\i of Cypriiioid j^cmera, comprising Mynlaco- 
Icifcus Matsya Spiniharbus Oshiina*'^ ami Spiniharb- 

irlithys Oshima,' is characterised by the presence of a forwardly directed 
spine in front i)f the dorsal fin. Mystacolcuciis is distinguislied from 
the other three genera by its relatively long anal fin, c.ontaining 8-10 
liranched rays as against the usual number 5. Matsya {=Acanthonolus 
Day’’) and Spinibarbichthys possess a serrated dorsal spine, whereas in 
Spiniharbus the dorsal spine is smooth. In elucidating the systematic 
position of tliese genera most of the workers do not appear to have paid 
attention to the generic characters of Day’s Matsya. Smith,® who 
regarded it as congeneric with Mystacoleucus, gave no morphological 
details for Ids view\s. Unfortunately no specimen'^ of Matsya argentea 
Day is available for study either in the Indian Museum or in the Bureau 
of Fisheries Bangkok. Three specimens of Mystacoleucus marginatus 
(Cuv. & Val.) were sent to me in 1932 by Dr. H, M. Smith with the 
Kuruirk ; ‘‘ Are these Matsya argentea Day ? ” This observation indi- 
cates tliat Smith had confused either a colour variety of the common 
species M. marginatus with Day’s form or he may have obtained speci- 
mens of the species — M. chilopterus recently described from Siam by 
Fowler*^. It may further be noted that Suvatti in his Index to Pishes 
of Siam ” lists only one species of Mystacoleucus y M. marginatus (C. V.), 
which is ri'corded from Northern, Central and Peninsular Siam. Day’s 
diagnosis of Matsya is, however, fairly complete and it leaves no doubt 
that Spinibarbichthys should be regarded as a synonym of Matsya. In 
most of the Cyprinoid genera the nature of the dorsal spine, whether 
serrated or entire, strong and bony or feeble and articulated, is not consi- 
(h'rcd of sufficient importance for separating genera. I am, therefore, 
in agreement with Nichols and Pope,® Nichols'®, Myers," Mukerji,'* 


* Gunther, Cai, Fish. Brit. Mus., VII, p. 206 (1868). 

“ Day, Faun. Brit. India, Fish, I, p. 292 (1889). 

•* Onhima, Ann. Carnegie Mus., Xll, p. 217 (loio). 

* Onhima, Annoi Zool. Japan, XI, p, 10 (1926). 

^ Day, Fish. India, (Suppl.), p. 807 (1888). 

® Smith, Journ. Siam. Soc., Nat. Hist. Suppl., VIII, p. 186 (1931) ; ibid., IX, p. 79 
(1933). 

’ Day’s description oi Matsya argentea was based on Tiokell’s manusoript desorip* 
tion and figure of the species. Presumably Day did not examine any spooimen of M, 
argenteu. 

•Fowler, Proc. Acad. Nat. Sci. Philadelphia, LXXXVII, p. 112 (1935). 

* Nichols and Pope, Bull. Amer. Mus. Nat. Hist., LIV, pp. 343, 344 (1927). 
Nichols, Bull. Amer. Mus. Nat, Hist., LVHI, pp. 11, 12 (1928). 

“ Myers, Lingnan Sci. Journ., X, pp. 258, 259 (1031). 

!*Mukerji, Rec. Ind. Mus., XXXIV, p. 284-286 (1932). 
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Mori^ and Tchang^ that Spinibarbus and Spinibarbichthys should be 
regarded as congeneric. Both these genera should, therefore, be assigned 
to the synonymy of Matsya. For the sake of convenience and on 
geographical grounds, it may, however, be desirable to treat Spinibarbus 
as a subgenus of Matsya. 

In the four species of Mystacoleucu^ known so far, M. marginatus^ 
M. padangensisy M. chilopterus and M. atridorsalis Fowler,^ the number 
of branched rays in the anal fin varies from 8 to 10 and I agree with 
Mukerji (op. cit.) that on this character alone they should be recognised 
as belonging to a distinct genus. It may here be noted that in a great 
majority of Cyprinoid genera there are only 5 branched rays in the anal 
fin. Any variation from this standard is, therefore, of special signi- 
ficance. 



Text-fiq, 1. — Lateral view of Mystaooleucus ogilbii (Sykes), xj. 


Recently I collected two specimens of Rohtce ogilbii Sykes'* (text-fig. 1) 
at Kurnool which possess a well-marked procumbent, predorsal spine. 
Other specimens of tlie same species in the collection of the Indian 
Museum were examined and a predorsal spine, sometimes hidden below 
the scales (text-fig. 2 a) was found in all of them. In this species the 
number of branched anal rays varies from 13 to 14, and the number of 
scales in the lateral line is about 55. Its pharyngeal bones and teeth 
are similar to those of Mystacoleucus (text-figs. 2 b Sc d)y and its scales 
also show a close resemblance to those of M. marginatus (text-figs. 
2 c & c). It seems reasonable, therefore, to include Rohtee ogilbii in the 
genus Mystacoleucus, the definition of which should be emended to 
comprise forms having 8-14 branched rays in the anal fin. In none of 
the other species of Rohtee, such as R. bakeri Day, R. cotio (Ham,), R. 
duvauceUi (Cub, & Val.), R. vigorsii Sykes, R. belangeri (Cuv. & Val.) 
and R. feae (Vinciguerra), I was able to detect any pr(^orsal spine. 


1 Mori, Studies on the Geographical Distribution of Freshwater Fishes in Eastern Asia 
(Choson : 1936). In the various lists of Chinese fishes Spinibarbus is recognised as a 
valid genus, while Spinibarbichthys is considered a synonym of Spinibwbus. 

*Tohang, Zoclogia Sinica, II, p. 43 (1936). 

* For up-to-date descrintions of Mystacoleucus marginatus (Cuv. & Val.) and M. 

padangtnsis (Blkr.) see WoW and de Beaufort, Fish. Indo-AuMral. Archipel., HI, up. 
108-110 (1916). J' • f 

* Fowler, Proe. Acad. Nat. Set. Philadelphia, LXXXIX, p. 196 (1937). 

* Sykes, Trans. Zool. Soc. London, p. 36 (1841), 
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The relationship of these species of RoJUee with Sykes’ R, ogilbii is 
discussed later {vide infra p. 314). 



Text-pig. 2. — Mystacoleucua ogilhii (Sykos) and M. marginatua (Cuv. & Val.). 

a. Anterior portion of base of dorsal fin of M, ogilbii, showing tho position of tho 
procumbent, predorsal spino X 2 J ; 6. Pharyngeal bono and toeth of M, ogilhii, x 7 ; 
c, Scale from below base of dorsal fin of M. ogilhii, x 25 ; d. Pharyngeal bono and teeth 
of M. marginatua. X5 ; c. Scale from below base of dorsal fin of M. marginatua. x5. 

The question now arises which of the two genera is more primitive 
— Matsya or Mystacoieucus ? In the case of the Cyprinoid genera it is 
well recognised that the short anal fin of 5 branched rays is a feature of 
specialisation, while in the primitive forms, such as Opsariichthys, Chela , 
Barilius, etc., the anal fin is fairly long. It would, therefore, seem pro- 
bable on a priori grounds that Mystacoieucus represents a less specialised 
form than Matsya, 

As indicated above the emended genus Mystacoieucus, especially 
the form M, ogilhii, shows great affinities with the members of the genus 
Rohtee, and it would be useful, therefore, to examine in the first place 
the precise limits of Rohtee and of its allied genera also. 

In the species of Rohtee known from Inffia and Burma^, with the 
exception of R, cumna Day, the dorsal fin possesses a strong serrated 
spine and the number of branched anal rays varies from 11 in 7Z. bakeri 
Day to 33 in R, cotio (Ham.). R, cunma was described by Day^ from 
Moulmein and its dorsal fin is characterised by the possession of a ‘‘ spine 

_ ^ For description of most of the Indian and Burmose species of Rohtee see Day's 
fiehea of India and the ** Fauna " volumes. 

P Pay, Fish, India, (Suppl.), p. 807 (1888). 
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weak and longer than the head, not serrated.” Unfortunately no speci- 
men^ of this species is available for study. Vinciguerra*^, on the nature 
of the dorsal spine alone, doubted its inclusion in the genus Rohtee, Again 
Tchang’s^ separation of his Parosteobrama from Osteohrama Heckel'* 
(-^Rohtee) was also based on this feature. Fu and AVang-*’ have, however, 
shown that Tchang’s Parosleobrama is in reality Parabramis Blceker 
and with this view Mori (op, dt.) agrees. Mukerji^* doubted the advisa- 
bility of separating Parosteobrama from Rohtee only on the nature of 
the dorsal spine. Thus, as in the case of Matsya (vide supra, p. 3 1 ‘2), 
w(‘. liave two groups of species in Rohtee, those with tlu*. dorsal 
spiju* seiTated (Rohtee s. s.) and tliose with tlie dorsal spine smooth (Para- 
bramis), In most of tlui species of Rohtee the abdominal edg(^ is sharp 
and trenchant only behind the bases of the vejitrals (Rohtee s. s.) when'as 
in R-, belanyeri (C. V.) the whole of the abdominal edge is sharp (Smllio- 
(jaster (Ble(*ker‘). Similarly among Chinese fishes we have Chanod- 
ivhihys Ble(‘k(*r,*^ Parabramis Blet^ker^^ and Meyalobrama Dybowskd*^ which 
are clistinguisln*d from one another by the nature of the a]>d()minal (»dge. 
Jt is thus seen that Rohtee and the allied forms constitute a very genera- 
lis(‘d grou]) showing consid(‘rable diversity ii\ form and structure. Igmu’- 
ing the nature of tin* abdominal e(lg(‘ and taking into consideration the* 
nattire^ of the dorsal spine*, as in the case* of Matsya and Spiaibarlyas, 
it. may be* use‘ful to regard Parabramis as a subg(‘nus of Rohtee e)n geeigra- 
phieail grou nets. 

The* geograj)hie’al elistributieui e)f the ge'uera Matsya anel Mystaeo- 
leuciis is ve'iy significant. Matsya of tlie Spinibarbns-type is kne)wn 
from Fonne)sa \ M. hollandi (Oshima) anel M, elorajafus (Oshima)], Fukie‘n 
\M, Caldwell i (Nichols)] anel Hainan [M, niyr odor sails (Oshima )J ; wliile; 
that of the* ^<piaibarbiehtltys-i\pe is fe)imel in Hainan |yl/. dealic'idatas 
(Oshima) |, Szechwan [M, playi (Tchang)J and Tenasserim \M, argentea 
Day). The* members of the two types meet in Hainan, but it may be; 
note*el that the forms founel towards the west and the south are be*tte*r 
arnu'el than those feuind te)wards the east. Mystacoleucus is found in 
Siam \M. margivatus (Cuv. & Val.), M, ehilopterus Fe)wle*r anei M, alri- 
dorsalis Fowler], South Burma [M, marginatus (Cuv. & Val.)|, Alahty 
Peninsula \M, margivatus (Cuv. & Val.)], Sumatra, [ili. marginatus (Cuv. 
& Val.) and M. padavgevsis (Blkr.)], Java anel liorneo [M, marginatus 
(Cuv. k Val.yi and the Deccan [M. i)gilbii (Sykes)]. Here again in the 
more southern forms the dorsal spine is fully arme;d. 

The ge*ograpliical distribution of the fishes of the Rohtee and Para- 
bramis groups is also interesting. Species of Rohtee are known from 


• Ah in the crhc of MtUsifa anjevUa, Day’s deseription of this species is based on Tick- 
elts manUHoript description and figure, Ihresuniably he had no 8}XH;imon of Jiohicc 
curma, 

• Vinciguerra. .47iw. Mvs, Civ, Star, Nat, Cienova, (2), IX, p. 188 (1890). 

®Tchang, Butt. ISiK, Zod, Frnim\ LV, pp. 46-52 (1930). 

• Hora, i?ec. hni. Alva,, XXII, pp. 187, 188 (1921), has already explained why Eohice 
Sykes should have prefenmet^ over Odvvbrama Heekel. 

• Fu and Wang, Coiitrib. Biol, Lab. Bci, Soc, China, VITI, Zool. Sef, No. 10 (1932). 

• Mukerji, Journ, Bombay Nat, Hist. Boc,, XXXVII, pp. 69-71 (1934). 

^ Bleeker, NaL-Tijd^hr, Ncder, -Indie, XX, p, 428 (1859). 

•Bleeker, ibid, p. 432 (1859). 

•Bleekor, Nederl, Tijdschr, Dierk,, II, p. 21 (1865). 

Dybowaki, Ferk. Zodt-bo,t Oess, Wien,, XII, p. 212 (1872). 




1937.] S. L. Hora : Cyprinoid fishes mih a predorsal spine. 316 

Yunnan [R. belangeri (Cuv. & Val.), R. cotio (Ham.) and R. microlejm 
(Blyth)] and Burma and India (several species, mostly found in Penin- 
sular India). Fishes of the Para6mms-type are found in the Amur 
System, North China, Kiao-Ho, Yangtse-Kiang, Hainan (several species) 
and Burma (only one species — P. cunma). 

If the above distributional records are correlated with the extent 
of the anal fin, wc notice that the forms possessing 5 branched rays in 
the anal fin (Matsya) are restricted to Southern China (Formosa, Fukien, 
Szechwan and Hainan) while one species (M. argentea) is also found in 
tile interior of Tenasserim. The Mystacolemus-type, with 8-14 branched 
rays, is restricted to Siam, Lower Burma, the Malay Archipelago and 
the Deccan. The Rohtee-tyi^o (long anal and serrated dorsal spine) is 
(iommon in Peninsular India, other parts of India, Burma and Yunnan. 
The Parabramis-typa (loiig smooth dorsal spine) is common 

throughout China and only one species is found in Buritia. As indi- 
cated above, in the Cyprinoid fishes a short anal fin of 5 branched rays 
is to be regarded as a feature of specialisation and it would, tlierefore, 
seem probable that Rohtee and Parabramis represent the ancevstral forms 
of the entire group of fishes discussed above. Considering the present- 
day density of population of the various forms it seems probable that 
tlie centre of origin of these fishes was situated somewhere in South China. 
The diversity of form and specialisation, therefore, seems to have origi- 
nated in this region and those species that spread towards north and 
north-west had probably to face less rigorous conditions of existence 
and did not, therefore, develop fierce, serrated dorsal spine ; whereas 
those that spread towards south and south-west or remained in Southern 
China had to contend with more disturbed conditions due to the birth 
of the Himalayan chain of mountains and developed a strong, denti- 
culated spine. Rohtee cAimna, like Matsya argentea^ is, however, an 
exception ; it is found in Burma but corresponds to the forms that spread 
northwards. Its localised distribution signifies that it is a stray element 
of the northern-type that probably came to Burma with some later 
waves of migration. 

As the ancestral stock travelled towards the south, the number of 
anal rays became fewer and fewer so that we get the Mystacoleucm-ty^Q 
in the Malay Archipelago on the one hand and in Peninsular India on 
the other. In the case of Rohtee, the species with the largest number of 
anal rays — R. cotio — is widely distributed from Southern China to Burma 
and India ; while that with the smallest number of rays — R. bakeri — is 
found in the southernmost extremity of India. The greatest speciali- 
sation of all these forms, however, took place in Southern China, their 
ancestral home, where the fishes of the group possessing 5 anal branched 
rays, with the exception of Matsya argentea, are found today. It may 
here be noted that these fishes, with the exception of Rohtee bakeri Day, 
arc not found south of the Cauvery watershed and neither have they 
spread to Ceylon or Africa. This point is discussed later {vide p. 318). 

Many have regarded the predorsal spine as a character of great taxo- 
nomic importance, but RendahP, who investigated its morphology, 


1 Rendahl, Ark. Zodl., XXIV A, No. 16, pp. 67-74 (1932). 
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considers it as a feature of convergence. By convergence we usually 
mean the presence of the same or a similar character in phylogeneti- 
cally distantly related forms, and further it implies that the character 
is of special utility to the individuals concerned, for convergence is the 
result of adaptation of different organisms to a similar type of environ- 
mental conditions. In the case of the predorsal spine it is difficult to 
understand how it can be used as an organ of defence or offence. If, 
however, the morphology of the dorsal fin of all the forms referred to 
above is taken into consideration it may be possible to trace its probable 
mode of origin and to assign to it some definite function. 

A very characteristic feature of liohtee and Parabramis is that both 
the dorsal and the ventral surfaces are provided with sharp edges — 
especially tlie portion of the dorsal surface in front of the dorsal fin and, 
that of the ventral surface beliind the ventral fins. To support the sharp 
edge ini mediately in front of the dorsal fin the anterior portion of the 
first radial of the fin (text-fig. 3) is so modified that its distal edge trails 
close to the surface. In front of the radial elements there is a series 
of well-develop(Kl lamellar ossicles which lie between the neural spines 
of the adjacent vertebrae ; these not only present a suitable surface for 
the attachment ol musedes but also provide the necessary support for 
the keeh'd dorsal edge. Anteriorly these ossicles are replaced by the 
compressed neural spine of the compound vertebra and the supra-occipital 
crest. Bridged described a similar series of bony elements in Abramis 
bruma and Tinea tinea and concluded that “ These ossicles are proximal 
segments of the fin supports of the atrophied anterior section of the dorsal 
fin.’’ Wliatever may be tlieir phylogenetic significance, their presence 
is undoubtedly meant to provide a support to the sharp dorsal edge. 

hor the probable mode of origin of the pre-dorsal spine we may 
consider the structure of the dorsal fin of Rohtee duvaucelli (C. V.), 
Mystacvleuciis ogilbii (Sykes) and M. marginatus (C. V.). 

In Rohtee duvaucelli (text-fig. 3 a) the character of the radial skeletal 
elements of the dorsal fin is more or less similar to that of the four Cypri- 
noid ty pes described by Bridge (op. cit.) except^ that its first radial element 
(r. e.) is better developed and its antero-dorsal border lies just below 
the sharp edge of the dorsal surface. It is preceded by a continuous 
series of lamellar ossicles (i. o.) which lie between the neural spines of 
the adjacent vertebrae. The median region of each ossicle is thickened 
^ form a ridge-like structure. Near the bases of the neural spines, a 
further series of lamellar ossicles (v. 1. o.) is developed from the anterior 
borders of the neural spines. Anteriorly they become more extensive 
^d form broad supporting laminae between the neural spines. In 
R. ogilbii (text-fig. 3 b) the structures are similar to those of R. duvaucelli 
except that the first radial element (r. e.) is produced forward as a short 
spine, the lamellar ossicles are broad and thin. The ventral lamellar 
osicles near the bases of the neural spines have, more or less, coalesced 
with the spines, so that a forwardly directed outgrowth of the neural 
spine gives support to the neural spine of the vertebra anterior to it. 
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In R. marginatus (text-fig. 3 c) the forwardly directed predo^l spine 
is considerably larger and the dorsal lamellar ossicles are provided with 



TsxT'HG. 3. — The skeletal elements of the dorsal spine and of the region in front of it 
in JRohtee Sykes, Mystacoleucus Ghnther and Barbus Cuvier, 

a. JRohtee duvaucelli (Cuv. & Val.) ; b, Mystacoleucus ogilbii (Sykes) ; c. M, margin 
natus (Cuv. & Val.) ; d, Barbus kolus Sykes. 

d. s.<==Laat dorsal spine; d, Vestigeal dorsal spines; L Dorsal lamellar 
ossicles ; m. n. Membrane between neural spines ; n, Neural spino ; n. s. c. 
Neural spine of compound vertebra ; r. e. 1. to r. e. 3. « Radial elements of the spines 
and the anterior fin rays ; t;. L o.» Ventral lamellar ossicles. 

strengthening ridges. The ventral lamellar ossicles are replaced by 
solid, bony columns between the adjacent vertebrae. Thus in the 
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three types described above we find that there are bony elements to 
strengthen the dorsal edge of the fish and that supports are developed 
to keep tli(i neural spines in position and to prevent them from bonding 
backwards. All these devices are probably meant to combat the stress 
imposed on the fish as it swims rapidly through water. Under such 
circumstances the utility of the predorsal spine would seem to present 
a stream-like wedge to the water before it approaches the dorsal fin. 
In the earlier stages of the flattening of the keeled dorsal surface it seems 
probable that more work was thrown on the predorsal spine. This 
assumption is borne out by the fact that the spine becomes larger and 
more powerful in the series of forms represented by Mystacoleuaas ogilbii, 
M, marginatusy and Matsya pingi, (The spine of the last species was 
described and figured by Kendahl). When, however, the entire dorsal 
surface became stream-lined, the predorsal spine gradually disappeared. 
Such a course of evolution would indicate the production of “ Barbus ” 
from Matsya-Y\k(^ ancestors. If the presence or absence of a predorsal 
spine is ignored, Barlms and Matsya cannot be distinguished from each 
other by tiny other well-marked character. There would thus seem 
to be considerable justification for the views of Nichols and Pope\ and 
Nichols^ to regard Spinibarbus as a subgenus of Barbus, In B, holus 
Sykes (text-fig. 3 d) the neural spine in front of the dorsal fin are lami- 
nated in tlieir basal halves and the laminae in some cases overlap one 
another. The dorsal lamellar ossicles are also well-developed for tlie 
attachment of the muscles. 

In connection with tlie above hypothesis, it has also to be considered 
that Barbus is a much more widely distributed genus than the fishes 
of the Rohtee or tlie Matsya groups ; it is undoubtedly of great, ant iquity, 
as it is found as far afield as Africa. It is possible, therefore, that Barbus 
represents the earliest descendants of the original migrating stock, while 
RohteCy Mystacoleucus, MeUsya, etc., represent the later waves of migra- 
tion of a somewhat modified stock which have not been able to reach 
very distant regions owing to the land connections having disappeared 
in the meantime. 


SuMMABY. 

Matsya Day, with 6 branched rays in the anal fin, is recognised as a 
Valid genus and to its synonymy are assigned Spinibarbus Oshima and 
S'j^niharhichthys Oshima. On geographical grounds, however, species 
with a serrated dorsal spine are referred to Maisya (s, s.) and those with 
a smooth spine to Spinibarbus (subgenus of Matsya), 

MysUicoleucus Gfinther, with 8-10 branched rays in the anal fin, is 
recognised as a valid genus. Owing to the presence of a predorsal spine 
in Rohtee ogilbii Sykes, it is referred to Mystacoleiuyus, the definition of 
which is emended to include forms with 14 branched rays in the anal 
fin. 

Mystacoleucus y with a longer anal fin, is regarded as more primitive 
than Maisya, 


* Nioliolfl and Pope, BuU, Amer, Mus, Nat, Hist,, UV, p. 343 (1927). 
‘Niohola, ihid, LVIll, p. 11 (1928). 
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The inter-relationsliips of Rohtee and Parahraniis are discussed and 
the geographical distribution of all the forms referred to above is given. 
It is observed that tlie centre of distribution of these fishes has to be 
placed somewlicre in South China whence at different periods different 
types of forms migrated both towards north and south. The northern 
forms retained their primitive features while, owing to the orogenic 
disturbances in Soutli (^hina and further south, the forms migrating 
towards south and those in the home-country became more highly specia- 
lised. 

From a comparative study of the skeletal elements of the dorsal 
fin in 4 forms the probable mode of origin and function of the predorsal 
spine are given. It. is concluded that Barbus was probably derived at 
a very ivirly stage from AIafsya-]\ki^ ancestors. 




NOTES ON FISHES IN THE INDIAN MUSEUM. 

By Sunder Lal Hora, D. So,, F. R. S. E,y F. N. Assistant Superin^ 
tendent, Zoological Survey of India, Calcutta. 

XXX.— On the Systematic Position of CYrniNVS COSUATI8 

Hamilton. 

Cyprinus cosmtis is one of the ten species assigned by Hamilton^ 
to the eighth division — Cahdio — of the genus Cyprinus which comprises 
a very heterogenous assemblage of forms. The other species of this 
division are C. jaya, C. mola, G. hoalius, C. horelio, C. solio, C. guganio, 
C. cotio, C. devario and C. dancena. The generic name Cabdio is not 
in common use, but according to Jordan^ its t 5 rpe should be the first 
species named, i, e,, Cyprinus jaya Hamilton. In view of this limita- 
tion it is likely that Aspidoparia HeckeF, with A. sardina as orthotype 
may have to be suppressed in favour of Cabdio. Of the other species, 
C. mola is usually assigned to the genus Amblypharyngodon Sleeker, 
C. cosuatis and G. guganio to Barbus Cuvier, G. cotio to Rolitee Sykes, 
C. devario to Danio Hamilton, while the precise generic and specific 
limits of the remaining species are still in doubt. Of the two small 
species at present included in the genus Barbus, B. guganio is known 
only from Hamilton’s original description and figure and so far as I am 
aware no specimen of the species is at present available in any museum 
collection, though according to Hamilton {loc. cit, p. 339) ‘‘ The Guganio 
{Gugani) is probably found in most of the rivers and ponds of the Gangetic 
provinces, as I have seen it in both the Brahmaputra and Yamuna, 
the extreme rivers of that territory.’’ Day^ considered it to be a close 
ally of his B. ambassis, which he found in ‘‘ Madras, Orissa, Bengal, 
and Assam at least as high as Suddya.” Barbus cosuatis was originally 
described from the Kosi river, but Day extended its range to “ Bengal 
through the N. W. Provinces, the Deccan and Bombay, and down the 
Western coast as low as Cottayam in Travancore.” 

Among other characters Hamilton {joe. cit.) noted the following 
distinguishing features of his Cyprinus cosuatis : 

“ The /orm is dccjp, compressed, more prominent on the back than below. The colour 
is siKer, with a greenish back, and the scales on the part are dotted towards the root. 
The ventral fins are red, aU the others are yellowish, and those of the back and behind 
the vent arc stained with black. The eyes are silver, stained above with black.” 

Day (he. cit.) who figured a specimen of the species from Jubbulpore, 
noted that the fish attains 2 to 3 inches in length and directed attention 


1 Hamilton, F . — An Account of the Fishes found in the Fiver Ganges and its branches, 
pp. 333-343 (Edinburgh: 1822). 

* Jordan, D. S . — The Genera of Fishes, p. 115 (Stanford University, California: 
1917). 

*Hcckel, J. J. — Ichthyolopo (von Syrien). In Rnssegger (Joseph von) : Reisen in 
Europe, Asien und Africa, mit b^nderer Rficksicht aufnaturwissen schaltliehen Ver- 
h&ltnisse dcr betreffenden Lftnder, untemommon in den Jahren 1836 bis 1841. Part 2. 
p. 288 (1877). 

« Day, F.-’Fishes of India, pp. 676, 679, 681 (1877). 
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to several of its salient features. Among these mention may be made 
of the following, (i) dorsal without any osseous ray, (ii) height of dorsal 
greater than depth of body, (iii) incomplete lateral line, (iv) scales along 
lateral line larger than others, (v) 8 or 9 rows of scales before base of 
florsal and (vi) colouration. Recently in a specimen of the species from 
Mysore P pointed out the greater extent of the lateral line and the well 
defined nature of the rounded black spots on the dorsal and tlie anal 
fins. Further it was observed that : 

“ The most roTnarkuhU^ foaiiiro of this 8|)ccicft appears to be the prosoiico of numerous, 
jine, parallel siuisory fc^ltls on tho sides of the head. This ft)atur(^ it shares with tlu* fishes 
of 1h<» ^(‘MUH (Ujrlochf ilichthyM IJleoker, but in other rospoets it is quite dilh^rcnt.*’ 

Lat(T T found that Smith^ had already descri))ed a new gimus Ore- 
ielif/tys from vSiani for (Jyprin id fishes of the typo of Barhus cosuafis and 





TRXT-Fia.l. — Outline drawings of the growth-stages of Oreichthys cosuatis (Ham.). 

a. 18 mm. in length without caudal ; b. 23 mm. in length without caudal ; c. 26 mm. 
in length without caudal ; d. 34 mm. in length without caudal. 


^ Hora, S. L. — Notes on Fishes in tho Indian Museum, XXVIII. On three collec- 
tions of Fish from Mysore and Coorg, South India. Rec. Ind, Mua,, XXXIX, pp. 17, 
18 (1937). 

• Smith, H. M, — Contributions to the Ichthyology of Siam, III. A New Qenus and 
New Species of Cyprinoid Fishes. Joum, Siam Soe., No*. Hist, Suppl,, IX, p, 63 (1933). 




1937.] 


S. L. Hoba : Notes on Fishes. 


323 


had assigned to it a new species 0. parvus, which is said to grow to 31 nim. 
in total length. In general facies, lepidosis and colouration the Siamese 
fish seemed so similar to Hamilton’s cosuatis that I requested Mr, Luang 
Choola, Officer-iu -charge, Bureau of Fisheries, Bangkok, to send me 
for comparison a few specimens of Smith’s sptjcies. He very kindly 
presented 3 examples of 0. j^urvus to the Zoological Survey of India, 
and tliesc have enabled me to come to a definite conclusion that O. parvus 
is a juvenile form of Cypiinus cosuatis. Further, it is clear that this 
spech's is sufticicntly distinct, especially on a(H*.ount of tlii^ sensory folds 
on tlie head, from the numerous species of the g(‘nus Barbus known 
from India, and should, therefore, l)e ri'tained in a separaU* genus (he- 
ichtys Smith, which as pointed out by its author, is closely allied to 
i hfdochcilivhthys Bleeker. 

(hrirhthys cosuatis (Ham.) is represent(‘d by a f(*w s[)(‘eiin(*ns in the 
collection of the Indian Museum, and unfortunatedy most of them are 
n(d. in a good state of preservation. The sensory folds on the head 
ar(‘, however, fairly distinct in all of them. A comparison with the 
young specimens from 8iam sliows that when the fish is about 18 mm. 
in length without the caudal fin (text-fig. 1 a.), the dorsal spine is longer 
than the head and the depth of the body, ami the spot at the base of the 
caudal fin is intensely black. The spots on tlu' dorsal and the anal 
fins are also well marked and seem quite compact. In a specimen about 
23 imn. in length without the caudal (text-fig. 1 h) the depth of the body 
is almost equal to the length of the dorsal ; the length of tlui head is 
consid(jrably shorto than both these dimensions. The thr(‘e colour 
spots are somewhat diffuse but more extensive. In a spe(nmen from 
Mysore, about 26 mm. in length without the caudal (text-fig. 1 c), tin; 
depth of the body is considerably greater than the length of the clorsal 
fin, which is almost equal to the length of the head. The dorsal and the 
anal fin spots are well pronounced, while that at the base of the caudal 
fin is very diffuse and indistinctly marked. The most remarkable fea- 
ture about this specimen is that the lateral line, though interrupted 
in places, extends up to the 20th scale. As a rule, it is pn\s('nt only 
on the first 4 or 5 scales. In a specimen from tlie. Saran Dist rict of Bihar, 
about 34 mm. in length without the caudal (text-fig. 1 d), the, length 
of the dorsal fin, though greater than that of the head, is considerably 
shorter than the depth of the body. The spot on th(i dorsal fin is very 
diffuse and extensive, while that on the anal fin is only faintly marked. 
As far as I can make out from the spirit nuiterial, the spot at the base 
of the caudal fin is almost absent. 

Though sufficiimt material is not available for a detailed study of 
the variations undergone by this fish with growth, it is clear from the 
above that the young specimens from Siam are referrable to Hamilton’s 
species. 

XXXI. — On a small Collection of Fish from Sandoway, Lower 

Burma. 

In the course of an investigation of the Anopheline fauna of Sando- 
way, Lieut. E. S. Feegrade, Malariogist to the Public Health Depart- 
ment of Bur|ii&> collected several samples of fish from the stone-lined 
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shallow wells and the road-side drains of the town of Sandoway, head- 
quarters of the district of the same name in Lower Burma and situated 
in Lat. 18"^ 28' N. and Long. 94"^ 21' E. The fish were collected in several 
lots between June and August 1936, and sent to the Zoological Survey 
of India for determination. At my request, Lieut. Feegrade arranged 
to have further specimens collected through Dr. U. Shwc Baw for the 
Zoological Survey of India. Though the f^ntire material consists of 
24 specimens only, two new species have been discovered. It has also 
been found that the specimens of the already known species vary consi- 
derably from their respective typical series, especially in colouration. 
These results are not surprising when it is rememl)ered that the fresh- 
water fish fauna of this region, including that of the neighbouring Arakan 
Yomas, has never been investigated before. 

Lieut. Feegrade informed me that most of his material was collected 
in clear, running water, such as road-side drains, seepage water drains, 
small hill-streams and small ponds. It may be indicated that Sandoway 
is situated on the left bank of the Sandoway river, about 15 miles to 
the S. E. of its mouth and between 4 to 5 miles due east of the sea coast 
in a direct line. Tlie area in its neighbourhood is full of tidal creeks 
and there is practically no plain land along tlie valley of the Sandoway 
river. 

The following species of fish have been found in the collection : — ■ 


1. Jlofibora daniconiua (Ham.) 

2. Bra^hydnnio choprai Hora 

3. Danio feeuradciy sp. nov. . , 

4*. liarhus (Puntivn) bimluchitm, Kp. nov 

5. Barbvs {Punliue) atoUezkanua Day 

6. Panchax pa'n<^liax . 


2 Bpecamons. 

4 specimfms. 

1 specimen. 
10 specimens. 

5 specimens. 

2 specimens. 


I take this opportunity to offer my sincere thanks to Lieut. E. S. 
Feegrade for having made a valuable collection of fish for the Zoological 
Survey of India. Th(j material is in a very good state of preservation. 


Rasbora dkiniconiiia (Ham.). 

1880. Paabiyra danicofiiua, Day, Faun. Brit. hid. Fiali.y T, p. 336. 

Rasbora daniconius is represented in Lieut. Feegrade’s collection 
by two specimens, measuring 42 mm. and 45 mm. in total length. 
They were collected from a road-side drain. The black lateral band is 
very well marked and extends from the tip of the snout to the base of 
the caudal fin, the middle rays of which arc stained gray. The scales 
above the lateral line, as also some below it, are marked with 
black dots along the margin. The dorsal surface is dusky with a black 
streak along the mid-dorsal line. 


Brachydanio choprai^ Hora. 

1928. Danio (Brachydanio) choprae, Hora, Bee. Ind. Mva., XXX, p. 39, fig.2. 
1934. Danio (Brachydanio) chopracy Hora & Mukerji, Bee. Ind. Mua., XXXVI, 
p. 130 (Synoptic Table to Bpecios of Brachydanio). 

There are 4 specimens of Brachydanio choprai from Sandoway ; 2 
were collected from a stone-well, while the remaining two were obtained 


^ By mistake e instead of % had been previously used in the termination ol this specific 
PfO&e. The species was named after my colleague Dr. B. N. Chopra. 
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from a road-side drain. The two examples, 28 mm. and 30 mm. in total 
length respectively, from the well are more or less devoid of the typical 
colour pattern of the species, while those collected from the drain, 33 mm. 



Text-fig. 2. — Outline sketch of Brachydanio choprai Hora, showing colour markings 
in a specimen 33 mm. in total length. 

and 36 mm. in total length respectively, are very gorgeously coloured. 
In the larger specimens the anterior vertical bands are replaced by rows 
of spots at the posterior end. The bands on the dorsal and the caudal 
fins are either faintly marked or are absent altogether. The band on 
the anal fin is, however, present in all the specimens. 

There are several large sensory pores on the dorsal surface of the 
head along the supra-orbital edges. Though, as a rule, the lateral line 
is absent in this species, in certain specimens it may be present on 
the first few scales ; when present, it bends abruptly downward and 
may extend as far as the base of the pelvic fin. 

The species was hitherto known only from the Myitkyina District 
of Upper Burma. 


Danio feegradei, sp. nov. 

D. 2/9; A.3/12; P.12; V.8 ; C.19 ; L.1.39 ; L.tr.7J/2|. 

The new species possesses a graceful form with both the dorsal and 
the ventral profiles slightly arched. The head and body are greatly 
compressed. The head is bluntly pointed and its length is contained 
4*9 times in the total length and 3*9 times in the length without the 
caudal. The height of the head at the occiput is contained 1*3 times, 
and its width 1*8 times in its length. The diameter of the eye is contained 
about 3*3 times in the length of the head, 0*9 times in the length of the 
snout and 1*2 times in the interorbital distance. The nostrils are situat- 
ed close to the anterior margin of the eye ; the anterior nostril is some- 
what tubular. Inner to the upper margin of the eye is a series of 4 
large sensory pits similar to those described above in the case of Brachy- 
danio choprai. Similar pores are also present on the ventral surface 
of the head. The mouth is small and oblique ; it extends to below the 
anterior margin of the eye. The lips are thin, but are somewhat better 
developed near the angles of the mouth. Inner to the lower lip, on either 
side, there is a small pad of skin covered with spinous outgrowths. 
Presumably these structures represent the secondary sexual character 
of the male. There are two pairs of barbels ; the rostrals are consi- 
derably shorter than the head, while the maxillary barbels are almost 
as long as the head or slightly longer. The basal portion of the rostri^l 
berhel is enclosed in a ^ove, 
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Tlui depth of the body at the commencement of the dorsal fin is 
equal to the length of the head. The least height of the caudal peduncle 



I’KXT-Kiii. IJ. *l)anio ff‘f‘(/r(u1eit sp. nov. 

(I. Lateral view. ; h. Dormil Hurfaoe of head and anterior part of body. x2. 

is coutaiiied J.b times in its length. The lateral line is complete and 
runs along tin* lower half of th(‘. caudal pedimele. Th(‘.ro an^ about 
rows of seuh's along tin* hdmal lim* and 71 rows between it aral th(» base 
of the dorsal fin. There ar<i rows of scales betweem tin* lateral line, 
and the base* of tin' pedvic fin which is provided with a scaly apptMidage. 
TlH*re are about 20 f)redorsaI scales and 14 round the caudal peduncle. 
Th<*re arc a few rows of small scahvs at the base of the anal fin. 

4M\e (h>rsal fin is short ; its commene(*ment is equidistant between 
tlu‘ ])ost(‘rior margin of tin* eye and the ba»se of the caudal fin ; its height 
is considerably less than tin* depth (»f the body below it. Tin* pectoral 
tin is smaller thai) the head and just reaches'fhe, base of the p(*lvic fin. 
Tin* pelvie. fin extends to the anal opening, but not to the anal fin. The 
anal fin is fairly extensive ; the length of its base is equal to the head 
without the snout. Tin* caudal fin is somewhat longer than the head, 
it is einarginatt*, with the upper lobe slightly longer than the lower. 

The general ground colour, after preservation in spirit, is pale-olivace- 
ous. Tlie ilorsal surface is dusky with a black streak along the mid* 
dorsal line. In the middle of the fish there is a black band which is 
couvsidcrably broader anteriorly and terminates posteriorly in a somewhat 
darker spot at the base of the caudal fin. Anteriorly the black band 
is marked, both above and below, with short pearl-white bands and 
in the posterior region there is a white longitudinal band above it. The 
rays of the dorsal and anal fins are marked with longitudinal bands 
across them. 

Type-specimen. — F. 12477/1, Zoological Survey of India, Indiap 
Museum, Calcutta. 

Habitat. — Road-side drains, Sandoway, Lower Burma, 
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Retnarks. — In referring this species to the genus Danio Hamilton 
a certain amount of difficulty has been experienced. Weber and de 
Beaufort^ restricted this generic denomination to fishes with “ Dorsal 
fin elongate, with 12-16 branched rays. Lateral line complete.’* The 
remaining species, “ With dorsal fin short, with 7 branched rays only. 
Lateral line incompletf^ or absent.”, were referred to Brachydanio. In 
1934, Mukerji and •the w riter^ observed that 

“ Burinf' recent years several new forms of the Jimr.hydanio-ty'po liavn boon diacovorod 
in Burma and though in all of t hem the dorsal fin is short, the lateral line has been found 
to bo very variable. In' the majority of forms it is either absent or extends over a few 
scales in the anterior region ; but there are some species in which it is fairly extensive 
or even complete.” 

Dmno feerjr ad i has only 9 branclicd rays, as against 7 in Brachydanio 
and 12-16 cliaractcristic of the other species of Danio, In this respect 
it is intermediate between the tw^o genera ; wdiile in the possession of 
long barbels and a complete lateral line it show^s greater affinities with 
the typical members of the Danio group. The colouration of this fish 
is quite different from other species of the genus known so far. 

The name of this gorgeously coloured little fish is associated with 
that of Lieut. E. S. Feegrade. 


Measurements in millimetres. 


Total length ox(;luding caudal 
Length of head , 

Height of head at occiput 
Width of Load 
Length of snout 
Diamet/cr of eyo . 

Intcrorbital width 
Height of body . 

Width of body . 

Longest ray of dorsal . 

Tiongost ray of anal 
Length of pectoral 
Ijongth of caudal peduncle . 
Lt^ast height of caudal piulunclo 


430 

110 

80 

60 

30 

3-3 

41 

110 

5-0 

8- 3 
7*6 

9- 0 
90 
60 


Burbus (Puntius) binduchitra,” sp. nov. 

D.3/8; A.S/H; IM6 ; V. 10; C.19 ; L.l .28-30; L.tr.5y4J. 

Puntius hittduchilra is a small species in which both the dorsal and 
the ventral profiles are considerably arched. The body is greatly com- 
pressed ; the dorsal surface* in front of the dorsal fin is more or less keeled. 
The head is bluntly pointed ; its length is contained from 4*5 to 4*7 times 
in the total length, and from 34 to 3*7 times in the length without the 
caudal. The height of the head at the occiput is contained from 1*1 
to 1*2 times and its width from 1*3 to 1*6 times in its length. The head 
is proportionately smaller in the young specimens. The eye is lateral 
and situated close to the dorsal siurfacc of the head ; its diameter is al- 
most equal to the, length of the snout and is contained from 2*6 (in the 
young) to 3*5 times in the length of the head ; usually it is contained 
from 3 to 3*5 times in the length of the head. The interorbital space 

^ Webor & do Beaufort, Fuh, 1 7ido- Austral. Archipd., Ill, p. 85 (1916). 

*Hora & Mu^rji, Mec. Ind. Mus., XXXVI, p. 130 (1934). 

* Binduchitra is a combined Sanskrit word which means “ spotted”. In the epeoifio 
name referonoo is made to the characteristic colouration of the species. 

B 
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is flat and in the young specimens it is equal to the diameter of the eye ; 
in older specimens it is somewhat greater than the diameter of the eye. 
The nostrils are situated close to the front border of the eye and are 
separated by a flap of skin. The mouth is semicircular, almost inferior 
and sub-terminal. The lips are thin but continuous ; the labial groove 
is interrupted in the middle. There arc two pairs of well developed 
barbels; the rostral barbels are equal to the diameter of the eye, but 
the maxillary barbels are somewhat longer. 

The depth of the body increases with growth ; it is contained from 
3*6 to 4*4 times in the total length and from 2*8 to 3*4 times in the length 
without the caudal. The least height of the caudal pcshmcle is contained 
from 1*1 to 1*4 times in its length. The scales arc large and firmly 
adherent ; there are from 28 to 30 scries of scales along the lateral line, 
5^ rows above it and 3| rows below it to the base of the pelvic fin. The 
number of predorsal scales vari(»s froin 9 to 10. There are 14 scales 
round the caudal peduncle. The pelvic fni is provided with a scaly 
appendage at its base. The rows of scales at the bases of the dorsal 
and anal fin contain somewhat smaller scales and their shape is also 
different from those covering the other parts of the body. 

The dorsal fin commences slightly in advance of the pelvics and 
somewhat nearer to the bas(5 of the caudal fin than to the tip of the 
snout ; its long(*st ray is usually shorter than the head. The last simple 
ray is articulated, but is s(‘rrated along the inner border. The anal 
fin is provided with 3 spines and 5 branched rays, the last of which is 
divided to the base, llie p(‘ctoral lin is considerably shorter than the 
head and does not (‘xtend to the pelvic fin. Tlie vent is situated just 
in front of the anal fin. The caudal fin is d(‘eply forked ; both the lobes 
are pointed ; it is invariably longer than the head. 



Text-fig. 4. — ].Aicral view of the type-specimen of Barbus (Puntiu^) bifiduMirat sp. 

nov, xlj. 

The most characteristic feature of the species is its colouration. In 
all specimens there is a broad vertical band below the commencement 
of the dorsal fin which extends to the lateral line and a black blotch 
on the sides of the tail slightly in front of the base of the dorsal fin. In 
specimens over 66 mm. in total length, the scales above the lateral line 
and posterior to the large mark develop small rounded black spots in 
the centre so that the body in this region becomes spotted in a series 
of rows. Similar black spots appear on the scales of the lateral line 
and of those of .the two rows below it, but they extend anteriorly beyond 
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the limit of the vertical mark. The upper edge of the dorsal and both 
the upper and lower margins of the caudal, especially the lower, become 
dusky in half-grown specimens and intensely black in somewhat older 
specimens. 

Type-specimen. — F. 12478/1, Zoological Survey of India, Indian 
Museum, Calcutta. 

Habitat, — Road-sido drains and small streams at Sandoway, Lower 
Burma. 

Remarks, — In its spotted colouration as well as in the possession 
of 4 well developed barbels and a serrated dorsal spine, B, binduchitra 
shows considerable affinity to B, pinnauratus (Day^) from South India 
and B, sewelli Prashad and Mukerji^ from tlie Myitkyina District. In 
B, sewelli the body is considerably deeper (2*1^ to 2-5 times in the length 
with the caudal in specimens over 90 mm. in length without the caudal), 
and there is always a large black blotch behind the gill-opening. More- 
over, the vertical band and the caudal spot characteristic of the new 
species are lacking in B. sewelli. Both the species agree in having the 
dorsal surface in front of the dorsal fin keeled. B. binduchitra has greater 
affinity with B, pinnauratus, but its head is proportionately longer and 
not so high, the eye is relatively smaller, the interorbital width is less, 
the body is not so high but is relatively more compressed. Most of 
these differences seem to be correlated with the keeled nature of the 
dorsal surface in the new species ; in JB. pintiauratus the dorsal surface 
is flatly rounded. In B, pinnauratus there is a black band behind the 
gill-opening and in some specimens a short oval spot below the com- 
mencement of the dorsal fin®; it has hitherto been known “ From 
fresh waters at Coconada down the east coast of India to Ceylon, and 
inland as far as the Neilgherries, also along the Western Ghats and 
rivers at their bases, but recently Mr. Duncan sent me very similar 
specimens from the Chindwin drainage near the border of Assam and 
Burma. Comments on his specimens are made below on p. 336- 


Measurements in millimetres. 


Total length including 
caudal 

78-0 

720 

690 

660 

560 

500 

490 

460 

43*0 

390 

380 

Length of caudal . 

18-5 

15-3 

160 

12-6 

12*3 

120 

11*6 

110 

10-3 

90 

9*0 

Depth of body 

20-2 

200 

18-8 

150 

150 

130 

12-3 

10-5 

100 

9*0 

8*6 

Length of head 

16-5 

160 

140 

120 

120 

11*0 

110 

100 

9*6 

80 

8*0 

Height of head at occiput 

13-3 

130 

12-5 

110 

110 

90 

90 

8*0 

7*6 

7*0 

70 

Width of head 

11-5 

100 

9-9 

7-5 

7-6 

7-5 

80 

70 

6*5 

6*6 

60 

Length of snout 

5-3 

4-8 

40 

3-6 

3-9 

3-6 

3*5 

30 

30 

30 

30 

Diameter of eye . 

61 

4-8 

40 

3*6 

39 

3-6 

3*6 

30 

30 

3*0 

30 

Interorbital width . 

5-7 

50 

4-8 

43 

4-5 

40 

40 

3*6 

33 

3*0 

30 

Longest ray of dorsal 

14’5 

140 

140 

10-3 

10-3 

10*0 

10-0 

90 

9*0 

8*0 

8*0 

Longest ray of anal 

100 

100 

100 

7-5 

80 

7*0 

7*0 

6*6 

6*3 

5*0 

5*0 

Length of pectoral . 

120 

120 

11-3 

8-6 

90 

7*3 

7*3 

6*8 

6*6 

6*0 

6*0 

Length of caudal peduncle 110 

90 

8-5 

7*0 

8-0 

7*0 

70 

60 

6*5 

6*0 

6*0 

Least height of caudal 
peduncle . 

8-2 

80 

8-0 

6*5 

6*6 

6*0 

60 

6*0 

4*6 

4*0 

4*0 


^ Day, Proc, Zool, Soc, London, p, 300 (1865). 

* Prashad A Mukarji, Ree. Ind, Mua,, XXXI, p. 197, pi. ix, fig. 1 (1929)* 
» Hora, Etc, Ind, Mus., XXXIX, p. 9, fig. 1 (1937). 

*Day, Fish. Jnduh p. 562 (1877). 
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Barbus (Puntius) stoliczkanus Bay. 

1869. Barbus M'dallaudi, Day (nec Cuvirr & Valenciennes), Froc, Zool, Soc* 
London f p. 6J9. 

1871. Barbus {Puntius) Stoliczkanus, Day, Journ As. Soc. Bengal, XL, pt, 2, 

p. 328. 

1877. Barbus stoliczkajius. Day, Fish. India, p. .577, pi. oxliv, fig. 8. 

1889. Barbus stoliczkanus. Day, Faun. Brit. ImL, Fish., I, p. 326. 

1893. Barbus stoliczkanus, Boulcngcr, Ann. Mag. Nat. Hist., (6), XIT, p. 202. 

1918. Barbus stoliczkanus, Annaiidale, Bee. Jnd. Mus., XIV, p. 35. 

1919. Barbus stoliczkanus, Cluiudhiiri, Bee. Jnd. Mus., XVI, p. 28.3. 

Barbus stoliczkanus was originally described from a scries of 21 
specimens, 6 from Pegu and 15 from Monlniein, up to 4 inches in length. 
It was observed by Day that : - 

“This species bears a strong roaemblancc to the B. tirto, Jl. li., which it appears 
to supersede in Eastern Burma. But it is distinguished by a complete instead of in- 
complete lateral line, and its body is not so eoin])reKsed ; its dorsal spine and colouring 
also differ.” 

The dorsal spine of this spccic^s is less strongly s(‘rratcd than in B. 
tictOf while the position of the lateral spots is also di(r(^rcnt. The most 
important difference between the two spe^eies, however, lies in the riifmber 
of the predorsal scales- -8 to 9 in B. stoliczkanus and 11 in B. iicto. The 



Tbxt-FIG. 6. — Lateral view of a specimen of Barbus (Puntius) stoliczkanus Day. X2|- 


extent of the lateral line in the 5 specimens from Sandoway is variable ; 
in two specimens it is almost complete, in two other specimens it extends 
over 17 to 19 scales while in one specimen it is limitcxl to the first 7 
scales. Sometimes the extent of the lateral line varies on the two sides 
of the same fish. 

Day (1877) noted that “ Some Darjeeling examples agree with the 
Burmese fish.” Since Day’s time, however, the species has been record- 
ed only from Northern Biurnia (Boulenger : S. S. States ; Chaudhuri : 
Putao). The Sandoway specimens are young, none exceeding 47 mm. 
in total length ; they were collected from a road-side drain. In their 
proportions, lepidosis and number of fin rays, they agree with Day’s 
description of the species; except in having a somewhat different coloura- 
tion. 
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Measurefnents in mUUmetres. 


Total length including caudal . 



. 470 

420 

41*0 

400 

370 

Length of caudal . 



. no 

00 

100 

00 

00 

I^ength of head 



80 

70 

70 

70 

70 

Height of body 



. 14-5 

13*6 

12-2 

110 

10-6 

Diameter of eyo 



. 30 

2-6 

2-5 

2-6 

2-6 

Length of snout 



2-6 

20 

20 

20 

2*0 

Interorbital distance 



40 

3-8 

3*8 

3-6 

3*6 

Commencement of dorsal from tip of snout 

. 18-5 

170 

160 

160 

160 

Longest ray of dorsal 

. 

. 

9-5 

80 

8-0 

80 

8.0 


Panchax panchax (Ham.). 

1889. Haplochilus panchaXf Day, Faun. Brit. Ind. Fish., I, p. 417. 

Thorc are two specimens, about 44 mm. in total length, of Panchax 
pa7ichax in the collection from Sandoway ; they were collected from a 
road-side drain. P. panchax is a widely distributed species of the 
Oriental Region ; its range extends from Orissa, through Lower Bengal, 
to Burma, Andaman Islands, Siam, Malay Peninsula and the Archi- 
pelago. 


XXXII. —On a small Collection op Fish prom the Upper Chindwin 

Drainage. 

At my request Mr. S. J. Duncan, Sub-Divisional OflBlcer at Ukhrul, 
Manipur State, Assam, in the course of his tours made a small collection 
of fish for the Zoological Survey of India from the Upper Chindwin 
Drainage. As the area traversed by him is very close to the boundary 
between Assam and Burma, the material is of special interest for zoo- 
geographical studies, and throws considerable light on the distribution 
of some of the species represented in the collection. 

The material consists of 46 specimens which are referable to 12 
species belonging to the families Cyprinidae, Cobitidae, Sisoridae and 
Ophicephalidae. These are listed below according to the localities from 
where the material was obtained. 

1. Small stream below the village Singcha Tangkhul flowing into 
the Khunukong or Namballok (called Nampanga in Burma). 21.1.1937. 

i. Oreinus molesworthi Chaudhuri .... 2 speoimens. 

2. Small stream below the village Chahong Khulen flowing into 
the Khunukong or Namballok. 25.1.1937. 

i. Barbus hexagonohjns McClelland ... 1 Bpeoimen. 

ii. Barbus clavatus McClelland «... 1 specimen. 


3. Upper reaches of the Namya river at Kongan Thana, a Kabo or 
Shan village. 28.1.1937. 


i. Barilius barila Ham. 

ii. Labto devdevi Hora 
Hi. Oarra gotyla {Gi&y) . 

iv. Barbus myithjinae Prashad & Maker ji 
V. Nemachilus vinciguerrai Hora , 

vi. Olyptoihorax irilineatus Blyth . 

vii. Ophicephalus gachita Ham. 


1 specimen. 
4 speoimens. 
4 speoimens. 

2 speoimens. 
7 specimens. 

3 specimens. 
2 speciinenB. 
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4. Chakpi river at Chakpi Karong. I.iii.l937. 

i. Jiariliua barila Ham 3 specimens. 

ii. Barhxta pinnauratua (Day) .... 3 specimens. 

iii. Barhua davatua var. burtoni Makerji . . 2 specimens. 

5. Lokchao river at Tamu. 15.iii.l937. 

i. Barl/iia pinTuiuratua {D&y) .... 5 specimens. 

ii. Lcpidocephalichthya berdmorei (Blyth) . . 6 specimens. 

The range of distribution of the following species is extended in 
this articles : Barlms myilhjinae, B. pinnauratus and Glyptothorax trili- 
neatus. The most interesting record is that of B. pinnauratus which 
was hitherto kiiown from South India only. It is also clear from the 
collection that the typical Burmese fauna is w(‘ll represented in the 
Upper Chindwin Drainage. 

I take this opportunity to record my sincere thanks to Mr. S. J. 
Duncan for the opportunity he has aftbrded me of examining fishes from 
a zoologically interesting region. The material is in an excellent state 
of preservation and forms a valuable addition to the collectitui of the 
Zoological Survey of India. Mr. Duncan’s notes on the colouration* of 
the speeb's, reproduced below, arc most helpful. 

Family CYPRINIDAE. 

Barilius barila Hamilton. 

1921. Bariliva barila, Hora, Bee. Ind. Mus., XXII, p. 190. 

Vernacular Namca. — Thelhol Kuki ; Ngapdild Taii^khul ; Pakham Kabo. 

1 specimen. Namya river at Kongan Thana. 28.i.l937. 

3 specimens. Chakpi river at Chakpi Karong. 1. iii. 1937. 

There are altogether 4 specimens of Barilius barila in the collection, 
ranging in length from 105 mm. to 120 mm. in total length. In none 
of the specimens the outer rays of the pectoral fins are specially strength- 
ened for the purpose of adhesion to rocks. In all the specimens, parti- 
cularly those from the Chakpi river, the body i,s covered with a number 
of black spots which represent encysted Trematode larvae ; these should 
not to be confused with the colour markings. According to Mr. Duncan’s 
observations the colouration is as follows : — 

“ Dorsal surface dark. Ventral white (or silvery). The sides are transversed by 
dark bluish broad stripes running parallel to each other. Fins pinkish.** 

B, barila is known both from India and Burma. 

Oreinus molesworthi Chaudhuri. 

1913. Oreinua ny^eaworthi, Chaudhuri, Bee. Ind. Mtta,, VIII, p. 247, pi. vii. 
figs. 2, 2a, 26. 

1936. Oreinua moleaworihi, Hora & Mukerji, Bee. Ind. Mua., XXXVII, p. 391. 

Fernocator Namea.—Bana^nga Manipuri ; NganatnKviki ; XAaiiH/tii Tangkhul. The 
Manipuri name means ** Goldfish**. 

2 specimens. Stream below Singcha Tangkhul. 21.1.1937. 

Oreinus molesworthi is represented by 2 young specimens in the 
collection which are about 130 mm. and 142 mm, in total length 
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respectively. Though the specimens were collected only from one small 
stream below Singcha Tangkhul, Mr. Duncan states that ‘‘ This fish is 
also found in other streams of the same drainage, but it is not found in 
all streams. It inhabits mostly the higher and colder reaches of the 
streams where they are found.” It may be noted here that the type- 
specimen, 202 mm. in total length, was collected from Yembung at an 
altitude of 1,100 feet only. 

Mukerji and I had recently extended the range of the species to the 
Chindwin drainage system in the Naga Hills. 

According to Mr. Duncan the colouration of the species is as fol- 
lows : — 

“ The dorsal surface, is dark brown. This colour decreases in intensity as it ap- 
proa<;hes the dark thin line that runs right through the middle of the aide from the angle 
of the operculum to the root of the caudal fin. When looked at laterally the colour 
appears steel grey. Below the dark line the colour is silvery white. The ventral surface 
is also white. The scales are very very small. Fins arc slightly pinkish except perhaps 
the dorsal.” 


Labeo devdevi Hora. 

1934. Lahfo (Labfo) dyocheilvs (in part), Mukerji {nec McClelland), Journ. 

Bombay Nat. Hist. Stjc., XXXVll, pp. 55-59 (Burmese and Siamese 
form, p. 58). 

1936. Lnbcn devdfvi, Hora, Bee. Ind. Mns.y XXXVllT, pp. 323-324. 

Vernacular Names.— Ngntin Macha Manipiiri ; Ngachuntam Kuki ; Ngalu Kabo. 

4 specimens. Naniya river at Kongan Thana. 28.i.l937. 

In Mr. Duncan’s collection Labeo devdevi is represcuited by 4 young 
specimens, varying in length from 83 mm. to 92 mm. in total length. 
Its superficial resemblance to L. dero (Ham.) is very great indeed ; but 
the two species can be readily distinguishetl by their lepidosis. Both 
L. dero and L. devdevi are liable to be confusecl with L. dyocheilus Mc- 
Clelland, but I have shown in the paper referred to above that McClel- 
land’s species has a very characteristic type of adhesive surface of the 
lower lip. 

According to Mr. Duncan the colouration of the species is as fol- 
lows : — 

“ Dark green dorsal surface and white ventral. The scales are small and have a 
coppery tint. Opercular region with a golden tint. Fins pinkish.” 

Garra gotyla (Gray). 

1921. Qarra gotyla^ Hora, Bee. Ind. Mvs., XXII, p. 653. 

1936. Qarra gotyla^ Hora & Mukerji, Bee. Ind. Mua., XXXVllJ, p. 144. 

Vernacular Names. — Ngamu Sangkhom Manipuri ; Ngapum Kuki ; Masangla Tang- 

khul ; Pachup-hen Kabo. 

4 specimens. Namya river at Kongan Thana. 28.i.l937. 

Garra gotyla is perhaps the most widely distributed species of the 
genus, as it is found all along the Himalayas. The four specimens in 
Mr. Duncan’s collection are from 97 mm. to 104 mm. in total length. 
The colour is almost black along the dorsal surface and the sides. Mr 
Duncan found that “ The whole body of the fish is dark green in colour 
except the ventral surface which is flattish and white.” All the speci- 
mens are provided with a well developed proboscis on the snout. 
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In 1921, P recorded G, gotyla, for the first time, from the north- 
eastern border of Burma and the Naga Hills. 

Barlmt hezagonolepis MeCh^lIaiid. 

1936. Barbus hexagonalepis, Hora, Rec, Irui'. Mus.t XXXVllI, p. 330. 

Vernacular Names. — Ngnra Manipuri ; Ngaha Kiiki. 

1 specimen. Stream below Chahong Khulen. 25. i. 1937. 

In the paper referred to above I discussed the specific limits of the 
various species of the large-scaled Barbels found in Assam. It was also 
indicated that B. hexagonolepis is the commonest Barbel of the torrential 
streams of the Naga Hills. In Mr. Duncan’s collection there is only one 
specimen, about 107 mm. in length without the caudal. Mr. Duncan 
states that it is the mighty Mahseer of this region and observes that 
it “ is found in almost all the rivers in these hills His description 
of the colour is as follows : — 

“ Dark green dorsal surface. A white (sometimes yellowish) broad line runs lateral- 
ly and below it another dark broad line runs in the. same direction from the operculum 
to the root of the caudal fin. White ventral surface.” 

Barbus myitkyinae Prashad and Miikerji. 

1929. Barlms myitkyinae, Prashad & Mukerji, Hoc. JneJ. Mus., XXXI, p. 198, 
pi. ix, figs. 2, 2a, 25. 

Vernacular Names. — Ngasamj Kuki ; Khaisang Tangkhul ; Vachak Kabo. 

2 specimens. Naniya river at Kojignn Thana. 28. i. 1937. 

In Mr. Duncan’s collection there are two specimens of Barbus myit- 
kyinae, 97 mm. and 104 mm. in total length respectively. The species 
was described from the Myitkina District, Upper Burma, where it is 
stated to be quite common in the Indawgyi Lake and the streams in the 
adjacent area. The present record of B. myitkyinae from the Upper 
Chindwin Drainage shows that the species is probably widely distributed 
in the headwaters of the Chindwin and the Irrawadi rivers. 

Barbus clavatus McClelland. 

1921. Barbus clavatus, Hora, Rec. Ind. Mus., XXll, p. 185, pi. ix, fig. 1. 

1935. Barbus clavatus, Hora & Mukerji, Rec. Ind. Mus., XXXVII, p. 388. 

Vern-acular Names. — Ngasang Kuki ; Khaisang Tangkhul. 

1 specimen. Stream below Chahong Khulen. 25.i.l937. 

From the vernacular names and the notes supplied by Mr. Duncan 
it seems that the local people make no distinction between Barlms 
clavatus and B. myitkyinae. The two species are, however, abundantly 
distinct and can be readily distinguished by the relative length of the 
dorsal spine, which in the former is considerably longer than the head. 
The dorsal surface of B. clavatus in front of the dorsal fin is distinctly 
keeled. 

Mr. Duncan notes that this fish is called, rightly or wrongly, the 
“ White Mahseer ‘ Mahseer ’ can only be used for this species in a 


^ Hora, Esc. Ind. Mus., XXII, p. 743 (1921). 
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very loose sense, as it neither possesses large scales nor is its dorsal spine 
smooth. Moreover, the body of B, clavatus is considerably more com- 
pressed than that of the ‘ Mahseers 

According to Mr. Duncan, the colouration of the species is as fol* 
lows : — 


“ Dorcuirl surface dark green. Ventral surface white. The head or rather the 
opercular region golden tint. The whole body shows a slight golden tint when held up 
against the sun.*’ 

The only specimen of the species in Mr. Duncan’s collection is about 
112 mm. in total length. 

Barbus clavatus burton! Mukerji. 

1934. Barbus clavatus burtoni, Mukerji, Jmirn. Bombay Nat. Hist. Soc., XXXVTI, 
p. 64, pi. iii, fig. 1 and text-figures 10 & 11. 

Verwicular Nams.-^Ngasang Kuki. 

2 specimens. Chakpi river at Chakpi Karong. I.iii.l937. 

In describing burtoni as a subspecies of Barbus clavatus, Mukerji 
distinguished it from the typical form by its longer snout (greater than 
the diame^r of the eye), shorter dorsal spine (less than the length of the 
head), lepidosis (small number of scales) and colouration (much darker, 
especially along the dorsal surface). In all these characters the two 
specimens in Mr. Duncan’s collection, 132 mm. and 142 mm. in total 
length respectively, agree with the subspecies burtoni. The dorsal half 



Tbxt-pio. 6.— Lateral view of head and anterior part of body of Barbus clavatus var. 
burtoni Mukerji, showing tubercular areas on the snout. x2. 

of the fish is intensely dark ; the whole of the caudal fin is dusky and 
especially the lower lobe. The membranes in between the dorsal rays 
are black, except at the bases. The distal portion of the anal fin is 
grayish as also the dorsal surface of the pectoral fins. As in the typical 
form, the dorsal surface in front of the dorsal fin is distinctly keeled. 
In both the specimens the snout is provided with rows of well defined 
tubercles. 
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Although Kuki Nagas make no distinction between the typical form 
and the subspecies hurtoniy Mr. Duncan distinguished them in the field 
by their different colouration. 

Barbus pinnauratus (Day). 

1877, Barbiia pinnauratva^ Bay, Fish. IrifUa^ p. .561, pi. cxxxix, fig. 3. 

1937. Jiarbuft pinnavratus^ Hora, Rec. Inrl. Mvs.^ XXXI X, p. 9, fig. 1. 

Local Namp. — Ngahao Maiiipuri. 

3 spc^cimenB. Cliakpi river at Chakpi Karoiig. I.iii.l937. 

5 specimens. Lokchao river at Tamil. 1.5.iii.l937. 

According to Day, Barbus pmnauralus is found in “ fresh waters at 
Coconada down the East coast of India to Ceylon, and inland as far as 
the Neilgherries, also along the Western Ghats and rivers at their bases’*. 
So far as I am aware^ this species has not boon found so far in any other 
part of India, and its present record from the Upper Chindwin is, there- 
fore, of exceptional interest. Attention may here be directed to the 
similar distribution of Danio slrigillifer Myers^ which was originally 
described from Upper Burma but was recently recorded from South 
India.® To explain these and several other similar cases of a discontinu- 
ous range of distribution U recently advanced a hypothesis. According 
to this view, when through a differential orogenic movement in the region 
of the present high peaks of the Himalayas (the region between the 
Assam and the Nt^pal Himalayas), the Himalayas were uplifted the 
migration of th(‘> aquatic fauna towards the Western Himalayas was 
checked and diverted along the Satpura trend of mountains to the 
Western Ghats whence it spread southward to the hills of the Peninsula. 
There is abundant evidence in favour of such a view both from the dis- 
tribution of fishes and from the palaeogeographical features of the 
country during the Tertiaries. 

The specimens in Mr. Duncan’s collection agree very closely with 
those from South India, except that the spots on the scales are not so 
well defined and the head is relatively smaller. The younger specimens 
possess a black mark below the dorsal spine similar to the one recently 
described by me in the Tunga river specimens., 

Sundara Pvaj® referred to the close similarity between B. chrysopoma, 
B, pinnauratus and B. sarana, all occurring in the Madras Presidency. 
T 9 this complex of allied species may be added B. caudimarginatuSy 
J9. oatesiiy B. sewelliy B. rnitkyinae, B, binduchitra (a' new species des- 
cribed above vide p. 327), etc., from Burma. In discussing the rela- 
tionships of the new species I have already referred to the distinguish- 
ing features of J9. seumlli and B. pinnauratus. 

To bring out the close similarity in proportions, etc., between the 
South Indian and the Upper Chindwin specimens of B. pinnauratus 

* Karoli {Term. filz€tel\ V, p. 179, 1882) rerorded Barbus pinnauratus by name only 
from Siam and Java. Welw and de Beaufort did not include this species in their work 
on the “ Fishes of the Indo -Australian Archipelago Suvatti has, however, listed 
B. pinnanratiia in his “ Index to Fishes of Siam ** on the authority of Karoli. AVithout 
further details it is not possible :o be sure of Karoli’s record. 

* Myers, Am&r. Mua. NovitaUs, No. 160, p. I (1924). 

* Hora, Bee. Ind. Mns., XXXTX, p. 10, fig. 3 (1937). 

* Hora, Bee. M. Mus., XXXIX, p. 266 (1037). 

* Sundara Raj, Bee. Ind. Mue.y XII, p. 264 (1916) ; also see Annandale, Bee. Jnd. 
fius.y XIV, p. 46 (1918). 
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I give below a table of measurements of the specimens from the two 
regions. 

Measurements in millimetres. 



Upper Chindwin. 


Sbimoga. 

Total length .... 

. 83-0 

900 

103-0 

1160 

830 

92«0 

Length of caudal . . 

. 18-0 

200 

230 

250 

180 

200 

Length of head .... 

. 16-0 

160 

17-2 

21-5 

160 

190 

Height of head 

. 140 

150 

160 

200 

14-5 

170 

Width of head .... 

. 110 

12*2 

130 

161 

120 

13-0 

Length of snout 

40 

50 

50 

60 

50 

60 

Diameter of eye 

60 

6*5 

65 

70 

61 

6-8 

Interorbital width 

70 

7-5 

8-2 

100 

6-9 

70 

Height of body. 

. 230 

260 

27-0 

320 

24-0 

260 

Width of body .... 

. 120 

13*5 

140 

16-5 

1.30 

12-0 

Longest ray of dorsal fin 

. 140 

170 

210 

230 

150 

180 

Longest ray of anal fin 

. . no 

120 

1.30 

140 

no 

120 

Length of pectoral fin . . 

. 12-3 

14-5 

16*0 

190 

130 

14-0 

Length of caudal peduncle 

. 120 

130 

13-5 

160 

120 

1.30 

Least height of caudal peduncle . 

9*0 

100 

110 

130 

90 

100 


Mr. Duncan made the following observations about the colouration 
of the species : — 

“ Dark doreal and white ventral surface. In young specimens a biggish black spot, 
though not very prominent, on the body near the beginning of the caudal fin.” 

Family COBITIDAE. 

Nemachilut vinciguerrai Hora. 

1935. Nemachilve vinciguerrae^ Hora, Bee. Ind, Mns., XXXVII, p. 62, 
pi. iii, fig. 12. 

Vernacular Names. — Ngajou Kuki ; HangkorJehai Tangkhul ; Pasulai Kabo. 

7 specimens. Namya river at Kongan Thana. 28.i.l037. 

In Mr. Duncan’s collection there are seven specimens of Nemachilus 
vinciguerrai ranging from 57 mm. to 76 mm. in total length. They 
agree fairly closely with the species recently described by me from Burma 
and Siam. Mr. Duncan’s description of the colouration is as follows : — 

“ The general effect of the colouration scheme is a dirty biscuit colour, but the 
whole body is marked with transverse zebra stripes of light and dark alternately. The 
stripes are narrow in front of the dorsal and broader behind it as they approach towards 
the caudal fin. Fins have red edges.” 

In larger specimens the broader stripes behind the dorsal fin are stated 
to be alternately pink and dark. 

Lepidocephalichthys berdmorei (Blyth). 

1921. Lepidocephalichihys berdmorei^ Hora, Rec. Ind. Mus.^ XXII, p. 196. 

Local Names, — Nga Krichou or Nga Kachirou Manipuri. 

6 specimens. Lokchao river at Tamu. 15.iii.l937. 

The specimens of Lepidocephalichthys berdmorei in Mr, Duncan’s 
collection range from 46 mm. to 76 mm. in total length. In the smaller 
individuals the caudal fin is more markedly emarginate. Usually there 

f2 
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is a dark spot in the upper portion of the caudal fin near the base, but 
in the largest individual there is a well marked black ocellus in the same 
situation. This species is widely distributed in the Burmese waters. 


Famfiy SISORIDAE. 

Glyptothorax trilineatus Blyth. 

1923. Qlyptothorax trilineatus^ Hora, jRcc. lud. Mus,^ XXV, p. 29. 

V ernacular Names. — Monglheng Kuki ; Ngaprangla Tangkhul ; Payahat Kabo. 

3 specimens. Namya river at Kongan Thana. 28.i.l937. 

Glyptothorax trilineatus is represented by 3 specimens varying from 
78 mm. to 87 mm. in total length. They possess the characteristic three 
white streaks and agree in every respect with Blyth’s description of the 
species. Mr. Duncan observes that it is not a very common fish. The 
largest specimen he had ever caught was about 5 to 6 inches in length. 
The colouration of the living specimens is noted by him as follows : — 

“ Dark brown colour with a reddish tint. A light line runs laterally on both kides 
as well as along the dorsal profile. Fins very light red.** 

0, trilineatus is known from Tenasserim, Rangoon and Upper Burma. 
It is here recorded from the Chindwin Drainage for the first time. 


Family OPHICEPHALIDAE. 


Ophicephaliu gachua Ham. 

1935. Ophicephaivs gachua^ Hora & Mukerji, Pec. Ind. Mus., p. 404. 
Vernacular Name^. — Ngamu Manipuri ; Ngavoh Kuki ; Khaiva Tangkhul. 
2 specimens. Namya river at Kongan Thana. 28.i.l937. 


In Mr. Duncan’s collection there are two young specimens of Ophi- 
cephalus gachua ; they are about 86 mm. in total length. The coloura- 
tion of the species, according to Mr. Duncan’s notes, is as follows : — 


colour. White and greenish ventral. The body shows angular bands. 
The fins have half circles of light and dark.” 


^IxXIIL-On a 


COLLECTION OP 


Fish prom the Kxjmaon Himalayas. 


In May- June 1936, Mr. E. 0. Shebbeare, Chief Conservator of Forests, 
and Mr. M. P. Bhola, Divisional Forest Ofiicer, Haldwani Division, 
made a small collection of fish for me in the outer Himalayan hills below 
Naini Tal. The fish were obtained from the Nandhaur and Ealaunia 
rivers ; the former has its source in the Naini Tal District and flows over 
a bed of boulders. Within the hills its valley is narrow but broadens 
out in the plains. The fish were collected in the rocky portion of the 
stream. The Ealaunia river is similar to that of the Nandhaur river in 
its general physical features, but its source lies in the outer Himalayan 
hills of the AJmora District, The fauna of the two streams is almost 
identical. 
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The entire collection comprises 207 specimens which belong to the 
following species. 


Mastacembblidai!. 

MMtacembdud annatus (Lac4p.) .... 1 speoimen. 

CYFBimDAE. 

Bariliu8 bendelisis Ham. . 

Bariliua vagra Ham. 

Brachydanio r&rio (Ham.) 

Labeo dero (Ham.) . 

Qarra gotyla (Gray) 

Oarra prashadi Hora. 

Crossochilus latiua (Ham.) 

Barbus putitora (Ham.) . 

Barbus chilinoidea McClelland 
Barbus conchonius (Ham.) 


COBITIDAE. 


Nemachilus botia (Ham.) ..... 

. 13 speoimens. 

Nemachilus beavani Gunther .... 

. 22 specimens. 

Lepidocephalichthys guntea {K&m.) . 

. 3 specimens. 

SlSOBIDAE. 


Olyptothorax pecHnopterua (McClelland) 

. 2 specimens. 

Ablycepidae. 


Amblytiepfs mangois (Ham.) .... 

. 1 specimen. 

Ophicephalidae. 


Ophicephalus gachva Ham. .... 

. 6 specimens. 


The majority of the species listed above represent well known forms. 
Attention may, however, be directed to Garra prashadiy which was 
hitherto known from 3 specimens obtained in Malwa Tal ; and to Nema- 
chilus beavani, the precise specific limits of which wore only recently 
defined by me from examples collected in the Eastern Himalayas. Notes 
on these two species are given below. 

I take this opportunity to offer my sincere thanks to Messrs. E. 0. 
Shebbeare and M. P. Bhola for their kindness in making a valuable 
collection of fish for the Zoological Survey of India, 

Garra prathadi Hora. 

1921. Qarra prashadi, Hora, Rec. Ind. Mus„ XXII, p. 669, pi. xxiv, fig. 3. 

As indicated above Garra prashadi was described from 3 specimens, 
of which 2 were males and 1 damaged female. Now a large series of 
77 specimens has become available and it is possible to make some 
observations on the sexual dimorphism exhibited by the fish. In 
species of Oarra, in which a well-developed proboscis is present on the 
snout, usually both the sexes are provided with * pearl organs \ etc. 


24 speoimena. 
9 speoimens. 

7 speoimens. 
9 specimens. 

8 speoimens. 
77 specimens. 

4 speoimens. 
17 specimens. 
2 specimens. 
2 speoimens. 
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In this respect I noted some sexual differences in the case of 0, lamia 
and 6r. gravelyi. As regards the former species further material has 
shown {vide infra, p. 344) that I had grouped two distinct forms under 
lamta. The material of the latter species is not sufficient to elucidate 
this point. 



Text-fig, 7 . — Oarra prashadi Hora. 

a, Latora] view of a female specimen. Nat. size ; h. Ventral surface of head and 
anterior part of body of above. X 1 4 ; c. Dorsal surface of heat! and anterior part of body 
of a male specimen. X 1 4 ; d. Dorsal surface of snout of a female specimen. X 34 ; 
c. Dorsal surface of a portion of one of the outer pectoral fin-rays of a male specimen 
showing the nature of horny tubercles. x35. 

In the female specimens of G, prashadi the tip of the snout is marked 
off by a shallow transverse groove and is covered with a few homy 
tubercles. A few homy tubercles are also present on the sides of the 
head in front of the eyes. In the males, however, the snout is smooth 
and there are only faint indications of two short lateral grooves which 
mark off the tip of the snout. The dorsal surface of the head in front 
of the eyes is slightly raised into two triangular patches ; these areas 
are better marked in the female specimens. In the males the 
outer rays of the pectoral fins are provided with scries of spines on 
the dorsal surface similar to those described by me^ in the males of 
certain species of Nemachilus, As is usually the case, the body is rela- 
tively deeper in the females as compared with the males. 

From the table of measurements given below, it will be seen that the 
head is relatively longer and the eye larger in young specimens. Other 
proportions also vary with growth to a limited extmt. 


1 Hora, Etc. Ind. Mu$., XZIV, p. 81 (1928). 
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Measurements in millimetres. 


$ 


Total length including caudal 



, 

75-0 

82-0 

96-0 

61-0 

760 

820 

Length of caudal . 




160 

17*1 

21-0 

140 

160 

171 

Length of head 




14-5 

15-1 

170 

120 

14-3 

150 

Width of head 




120 

12-5 

141 

100 

11-3 

120 

Height of head at occiput 




100 

10-5 

121 

8-0 

100 

10-6 

Heiglit of body 




160 

16-5 

210 

110 

150 

16-6 

Width of body , , 




11-3 

130 

160 

90 

110 

120 

Length of snout . 




70 

71 

8-0 

60 

70 

71 

Diameter of eye . 




40 

40 

4-7 

3*8 

40 

40 

Interorbital width 




70 

70 

8-0 

60 

7-0 

71 

Length of caudal peduncle 




10- 1 

110 

140 

80 

100 

no 

Least height of caudal peduncle 




8-0 

8*8 

110 

6-2 

8-0 

8-8 

Longest ray of dorsal . 




150 

150 

18-5 

12-0 

15-2 

15-3 

Length of pectoral 

• 



140 

150 

180 

121 

160 

160 

Longest ray of anal . . 

• 



12-8 

12-5 

150 

9-5 

120 

130 


In G. prashadi the skin covering the anterior fin rays of the dorsal, 
the pectoral, the ventral, and the anal fins is produced into lappets which 
form a sort of a sheath for the following ray or rays. Sncdi structures are 
characteristic of practically all torrential fishes and attention has already 
been directed to this feature by Smith and Deraniyagala. Their exact 
significance appears to be to provide a gliding surface for the current 
and thus minimise resistance. Their production seems to have been 
facilitated by the tearing away action of the current which would 
naturally pull an object in the direction of its flow. 


Nemachilus beavanx Gunther. 

1924. Nemachilus sp., Hora, JRcr. Ivd. if »/.<?., XXVH, p. 28, fig. 1. 

1935. N tmacMlns bcavani, Honi, lire. Ind. i/wv., XXXVll, p. 63. 

There are 22 examples in the collection under report which agree 
fairly closely with the Assamese and Eastern Himalayan specimens 
recently assigned by me to Nemachilus heamni. There arc, however, 
variations in the number of bands and in the proportions of certain 
parts. It may here be noted that the species was originally described 
from the Kosi river and it is probable that the present lot represents 
the typical form of the species. T hope to deal with this point in my 
account of the species from the Western Himalayas. 


XXXIV.— On a New Catfish prom Kwangsi, China. 

In his ‘ Study on some Chinese Catfishes *, Tchang^ referred a speci- 
men of Silurus Linn, from Lunchow in the Kwangsi Province, China, 
to Day’s 8. tsynaadensis, which is known only from the Wynaad and 
Canara Hills in South India. At the same time he published a full 
description of the specimen along with two illustrations — ^a lateral view 


^ Tchang, Butt, Fan Mem. Imt. Biol,, YU, p. 36 (1936). 
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of the whole fish and a view of the ventral surface of the body in front 
of the anal fin. As had been working recently on the Indian species 
of Silurus, this interesting record attract my attention and I requested 
Mr. T. L. Tchang to lend me the specimen of his S. wynaadmsis for 
comparison with the typical examples of the species in the collection 
of the Zoological Survey of India, but he regretted his inability to comply 
with my request. Fortunately his description and figures are sufficient- 
ly detailed to enable me to institute a comparison between his form and 
the typical eicamples. 




Tbxt-fio. H,--'Siluru8 tuynaudensis Day and <Sf. sinensist sp. nov. 


a. Lateral view of Silvrus wynaadensia Day. X ca | ; 6. Ventral surface of head 
and anterior part of body of 8, wynaadensis Day. xl} ; c. Lateral view of <5f. einensis, 
sp. nov. ca I ; d. Ventral surface of head and anterior part of body of 8, sinensis, so. 
nov. ca IJ. 

Figs. c. and d. are copied from Dr. T. L. Tobang*s drawings. 


In the Indian specimens the dorsal fin is entirely in advance of the 
ventrals, the pectorals are separated from the ventrals by a considerable 
distance and the maxillary Wbels do not extend beyond the pectoral 
fin. In the specimen from Kwangsi a portion of the dorsal fin is situat- 
ed above the bases of the ventrals, the pectorals almost extend to the 
bases of the ventrals and the mudllary barbels extend beyond the 


^ Hora, Jiec, Ind» JIus,, XlCXVlll, pp. 351-356 (1036). 
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commencement of the anal fin. A comparative table of proportions of 
the various parts is given below : — 




Kwangsi. 

Wynaad. 



CaUara. 

Length to base of caudal 


. 90 mm. 

f 

100 mm. 

N 

122 mm. 

123 mm. 

Depth in length without caudal 


. 60 

9-1 

8*1 

7*3 

Head in length without caudal 


. 4-7 

6-4 

6*6 

6*6 

Eye in head .... 


. 80 

9*2 

7*3 

7*3 

Interorbital distance in head . 


1-9 

2*6 

2*2 

22 

Snout in head 


2-4 

3*1 

3*0 

3*0 

Outer Mandibular barbel in head 


12 

1*8 

1*8 

1*8 

Inner Mandibular barbel in head 


1*3 

1*9 

2*0 

2*0 

Longest dorsal ray in head 


21 

2*5 

2*4 

2*6 

Pectoral in head 


• 1-6 

1*6 

1*7 

1*7 

Ventral in head 


2‘5 

3*0 

3*1 

3*1 


It is clear from the above table that in the Chinese example the body 
is considerably deeper, the head is longer, the interorbital space wider, 
the snout longer and all the barbels much better developed than those 
in the Indian examples. On account of the differences noted above 
and also on geographical grounds it is necessary to regard Tchang’s 
specimen of S, wyna^ensis as representing a new species which I propose 
to name Silurus sinensis. For a description of the species reference 
may be made to Tchang’s account. His illustrations are reproduced 
here along with fresh drawings of a typical specimen of S. wynaadensis 
for comparison. 

The occurrence of a true Silurus, with 4 mandibular barbels, in South 
China is of special significance. Hitherto only two species of the genus, 
in its restricted sense, were known, S, glanis Linn, from Europe (east of 
the Rhine) and S, wynaadensis Day from South India. Among the 
species, which are usually included in the genus Parasilurus on account 
of having only two mandibular barbels, we have two very widely dis- 
tributed species, one in the north, Parasilurus asotus (Linn.) known from 
Japan, China and Eastern Russia, and the other in the south, P. cochin- 
chinensis (Cuv. & Val), found in Formosa, South China, Cochin-China, 
Mergui Archipelago, Burma, and Eastern Himalayas. The remaining 
species of the group, P, cinereus (Dabry), P. grahami (Regan) and 
P. mento (Regan), arc found only in Yunnan. It has been found that 
very young specimens of Parasilurus asotus are provided with 2 pairs of 
mandibular barbels^ which shows that Silurus (s.s.) certainly represents a 
more primitive type of fish. 

From the distributional records given above it is clear that the 
largest number of species of the genus Silurus are found in South China. 
In fact, all the species, with the exception of S. glanis and S. wynaadensis, 
have been found in this region. S, glanis and S. wynaMensis are 
characterised by 4 mandib^ar barbels and, therefore, represent the 
earliest stock of the genus which is now pushed out into very great dis- 
tances from the original centre of the distribution of the genus. Silurus 
sinensis should, according to this view, represent a part of the original 
stock in the home country of the genus. 


^Atoda, Ddutsugaku raashi, XLVII, p 228 (1935); Kimora, Jmrn. Shanohai 
Set., Inst, Seo. 3, UI, p. 106 (1936). ^nangnax 
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XXXV.-— A Further note on Hamilton’s Cyprinus (Garra) lamta. 

In niy^ revision of the fishes of the genus Oarra it was indicated 
that thfi type-locality of Hamilton’s^ Cyprinus lamia had to be located 
in “ small streams among rocks south of Monghir ” whence he obtained 
his specimens of Godyari, also called Sahari, It was further pointed 
out that in the ‘ rocks south of Monghir ’ reference was probably made 
to the well-known Kharagpur Hills in the present-day district of Mon- 
ghir. To elucidate the precise specific limits of the species, topotypes 
were obtained, but unfortunately I was only able to secure very young 
specimens, less than 60 mm. in total length. Among the material thus 
obtained two distinct types were recognised, one with a short central 
proboscis on the snout and the other without a proboscis. It was then 
presumed that the former represented the male and the latter the female 
of the same species. The characters of G. lamta, based on juvenile 
specimens, were, however, not found sufficiently distinctive by Prashad 
and Mukerji® and Mukerji'^, who referred certain examples from Burma 
to Garra lamia. It thus seemed clear that only mature specimens of 
G. lamia could enable a proper appreciation of the species. 

In February 1937, I came to know that Mr. A. Das, a botanist and 
a keen naturalist, was touring in the Kharagpur Hills. A request was 
made to him to collect specimens of the local fish Godyari and sufficient 
details were sent for the recognition of the species. In March, I received 
10 specimens of the desired type with a small miscellaneous lot. Mr. Das, 
like myself, found that Garra is known as Patharchata, stone-licking 
fish, in the Bhimband locality, Kharagpur Hills. The specimens, from 
3(5 mm. to 67 mm. in length without the caudal, were collected from 
the Man river. The material contains the adult examples of both the 
sexes, so it is now possible to give a detailed description of the species 
and to remove a certain amount of confusion from the taxonomy of the 
genus. 

Hamilton’s description of G. lamta is of a very generalised type, 
but attention may be directed to the following salient features as noted 
by him : — 


1. Pectoral fins sharp in the middle. 

2. Grows to about three inches in length. 

3. A faint spot on each side towards the end of the tail. 

4. Dorsal fin before the middle. 

6. Pectoral fins nearly as long as the head. 

In the manuscript drawing of the species there is an indication of a 
lateral band about the level of the lateral line which terminates behind 
in the precaudal spot and extends forwards to the gill-opening. The 


^Hora, Rec. Ind. Mm., XXII, pp. 633-^7, pis. xxiv-xxvi (1921). 

* Hamilton, Fi^h. Oa^tges, pp. 343, 393 (Edinburg : 1822). 

* Fraahad & Mukerji, Bee. Ind. Mm., XXXI, p. 192 (1929). 

* Mukerji, Joum, Bombay Nat. Hist. Soc., XXXVII, p. 48 (1934). 
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fins ftre groyish with the middle portions of the inter-radial membranes 
of the dorsal fin marked with black spots. 



TbxT-fio. 9. — Copies of Francis Hamilton's manuscript drawings of Cyprinua (Uarra) 

lamUi, 

a. Lateral view finished in colour in the original ; h. Outline sketch of dorsal view ; 
c. Ventrai surface of head, finished in pencil in the original. 

Judging from the characters noted above, there seems no doubt 
that the material sent by Mr. Das is definitely referrable to G. lamia 
which may now be defined as follows : — 

Garra lamta Hamilton. 

1822. dyprinns {Garra) lamfa, Hamilton, Fitih. Gaitges, pp. 343, 393. 

1838. Gunorhyuchua lamta, McClelland, Aa. Rea., XJX, p. 282, pi. cliii, fig. 2. 

1921. Garra lamta, Hora, Rec. hid, Mua,, XXII, p. 660. 

Garra lamta is a small species in which both the dorsal and the ventral 
profiles are somewhat arched. The head and the anterior part of the 
body are flattened. The head is small, broad and broadly rounded 
in front ; its length is contained from 4-3 to 4-G times in the total length 
and from 4*1 to 4*5 times in the length without tlie caudal. The head 
is proportionately longer in younger specimens. The head is 
relatively narrower in the smaller individuals ; its width is contained 
from 1*2 to 1*4 times and its height at occiput about 1*3 times in its 
length. The eye is situated near the dorsal profile of the head and in 
adult males it is almost in the middle of the head while in females it is 
nearer to the posterior margin of the operculum than to the tip of the 
snout. The snout is considerably broader in the females than in the 
males. The diameter of the eye is contained from 2-6 (in the young) 
to 3*5 times in the length of the head. In young specimens the diameter 
of the eye is greater than the length of the snout, but in adults it is about 
two-thirds of the same dimension. The interorbital distance is only 
slightly greater than the diameter of the eye in young specimens but 
with growth it almost becomes double the eye diameter. In the adult 
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females the interorbital space is somewhat greater than that in the males. 
The tip of the snout is marked off by two short lateral grooves. There 
is no proboscis but a few horny tubercles are usually present. The 
mental disc is relatively small. 



Tbxt-fiq. 10 . — Qarra lamta Hauiilton (Specimen from the Kharagpur Hills, Bihar). 

a. Lateral view of a male specimen. Nat. size ; b. Ventral surface of head and 
anterior part of body of a male specimen. X li ; c. Dorsal surface of head and anterior 
part of body of a male specimen. X 1 j ; d. Dorsal surface of head and anterior part 
of body of a female specimen. XlL 

The depth of the body varies from 4 to 5‘2 times in the total length 
and from 3-7 to 4*1 times in the length without the caudal. The caudal 
peduncle is only slightly longer than its height. The body is 
covered with firmly-set scales which are only faintly marked in the 
chest region. There are about 32-34 scales along the lateral line and 
3J rows below it to the base of the ventral fins. The rows of scales 
between the lateral line and base of the dorsal fin varies from 4J to 6J. 
The number of predorsal scales is 12. The ventral fin is provided with 
a scaly appendage at its base. 

The dorsal fin commences slightly in advance of the ventrals ; its 
commencement is nearer the tip of the snout than the base of the caudal 
fin. The longest ray of the dorsal fin is somewhat longer than the head 
in young specimens and shorter in adults. The pectoral fin is slightly 
longer than the head and is separated from the ventrals by a consider- 
able distance. The ventrals are considerably nearer the ba^ of the 
caudal than the tip of the snout ; they just extend to the anal opening. 
The distance between the vent and the base of the anal fin is less than 
one-third the distance between the commencements of the anal and 
ventral fins. 
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The most characteristic feature of the species is its colouration. 
There is a broad lateral band from behind the gill-openings to the base 
of the caudal fin where it ends in a rounded spot. It is bordered, both 
above and below, by light pale stripes. The dorsal surface is grapsh 
and each scale is marked with a dense black dot in the centre of the 
posterior margin. These black spots form longitudinal stripes. A 
black spot near the upper angle of the gill-opening is present and the 
membranes between the dorsal spines, especially near the base, are 
marked with dark spots. The lateral surface below the lateral line 
is dusky and so are the dorsal and the caudal fins. 

The lateral band and the precaudal spot should enable this species 
to be readily distinguished. 

Measurements in millimetres. 


Total length without cJ ^ $ 


caudal 

36*0 

390 

460 

460 

490 

610 

68 

66 

67 

Length of head 

8*8 

9-0 

110 

11-2 

11-7 

12*0 

130 

14-3 

160 

Width of head 

6-3 

70 

80 

90 

9*2 

9*3 

10*1 

120 

121 

Height of head at occiput 

7-0 

7*3 

80 

8-2 

8-6 

90 

100 

10*5 

no 

Height of body 

90 

105 

110 

12-2 

130 

130 

150 

170 

170 

Length of snout 

31 

30 

4-3 

4-7 

4-9 

4-8 

50 

60 

60 

Diameter of eyo 

3*5 

3-5 

40 

3-9 

40 

40 

4-26 

4-25 

4-3 

Interorbital width . 

3-9 

40 

60 

60 

6-6 

60 

60 

70 

7-6 

Longest ray of dorsal 

9*0 

90 

11-6 

11-2 

120 

130 

13-7 

140 

130 

Longest ray of anal . 

7*3 

7-5 

7*6 

80 

90 

100 

11-6 

110 

no 

Length of pectoral . 

100 

100 

no 

11-2 

12-6 

14-6 

14-6 

160 

16-4 

Length of caudal peduncle 

6-7 

6-8 

7-6 

8-0 

80 

90 

90 

no 

no 

lueast height of caudal 
peduncle 

50 

60 

6*2 

6-9 

70 

80 

80 

90 

9-6 


Remarks . — ^From the above it is clear that the small specimens with 
a median proboscis on the snout, which had regarded to be the males 
of this species, do not belong to G. lamta. They seem to be similar 
to the young specimens of G. gotyla, which Mukerji and collected 
in the Eastern Doons. It was observed by us that “ The proboscis 
is present in both the sexes and even in young specimens, about 53 mm. 
in total length, it is fairly prominent.’’ 

The young specimen recorded by Prashad and Mukerji® from the 
Sankha hill-stream in the Myitkyina District, Upper Burma, as G. lamt^ 
belongs to G. gotyla, as also the specimen reported upon by Mukerji* 
from the Mali Hka river. The last specimen is undoubtedly similar 
to the form recorded by Vinciguerra® as G. lamta, but a detailed study 
of the specimens has shown that they belong to G. gotyla. The pro- 
boscis is broad and massive in these specimens and is anteriorly lobed 

^ Among the specimens I had referred to 0. lamta in 1921, 1 find that there are only 
four, 1 from the Man river and 3 from the Katin naUah, which belong to this species 
while all the others are young of 0. gotyla. 

* Hora Mukerji, Rtc. Ina. Mus., XKXVUI, p. 144 (1936). 

* Prashad & Mukerji, Rtc. Ind. Mus., XXXI, p. 192 (1929). 

^Mukerji, Journ. Bombay Nat. Hist, 8oe., XXXVII, p. 48 (1934). 

^ Vilieiguerra, Ann. Mus. Civ. Star. Nat. Genova (2), IX, p. 275 (1890). 
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by the presence of the hard, horny tubercles. In the Indian specimens of 
0, gotyla the proboscis is narrower and projects forward as a short cylind- 
er. It is probable that when further material becomes available from 
Burma it may have to be regarded as a separate species, but in the pre- 
sent state of our knowledge such a course is not justified. G. gotyla 
is known from the Chindwin and Irrawadi drainage systems {vide supra, 
p. 333) ; its range extends all along the Himalayas. Deraniyagala^ 
found a closely allied form in Ceylon and in commenting on its relation- 
ships I observed {vide Deraniyagala, op. ciL) : “ The Ceylonese G. gotyla, 
if I may use this phrase, seems to have evolved the characters of the 
species independently, so that these two forms are the results of a para- 
llel evolution.’* In view of certain palaeogeographical considerations^ 
I now find that at a certain period Ihe fauna of the Himalayas probably 
spread along the Satpura trend to the Western Ghats and thence to 
tin* hills of the Peninsula and Ceylon. The record of the young speci- 
mens of 6r. gotyla from the eastern section of the Vindhyan Range is, 
therefore, of special significance in this connection. The antiquity 
of 0, gotyla is also evident from the fact that, according to Deraniyagala, 
the young of G. ceylonensis ceylonensis, the commonest form of Garra 
in the island, often show the characters of G. gotyla, 

P’rom the above observations it may be concluded that G, lamta 
is known so far only from the Kharagpur Hills for it is likely that the 
liapti river form (Gorakhpore Dist.) may prove to be quite different. 


XXXVI. — On a New Genus of Chinese Catfishes allied to 

PSKUDEOIfENKlS BlYTH^. 

In his “ Study on some Chinese Catfishes”, Tchang* recorded 
Pseudecheneis sulcatus (McClellunfl)® from China and very fortunately 
gave a description and two figures of the single* specimen obtained in 
Yunnan and now preserved in the Zoological Museum of Fan Memorial 
Institute of Biology, Peiping (No. 12016). ,The description and figures 
are so different from those of the form known to me from India and 
Burma that I wTote to Dr. Tchang for a loan of the interesting specimen 
for comparison with the numerous topotypes of the species in the collec- 
tion of the Zoological Survey of India, but in reply he expressed his 
inability to accede to my request. The Yunnanese example, however, 
seems to be so different from the Indian species that I have no hesita- 
tion in suggesting for it a separate genus Propseiidecheneit and to 
christen the species, after the name of its discoverer Dr. T. L. Tchang, 
Propseudecheneis tchangi, sp. nov. 


* Deraniyagala, Ceylon Jovrn, Sci. (B), XVll, p. 227 (1933). 

*Hora, Bee. Ind. 3tu8., XXXIX, p. 256 (1937). 

* The article along with a specimen of Pseudecheneis sulcatus (MoCleUand) was sent 
^>ril 1937 to Dr. T. L. Tchang for his comments and its subsequent publication in 

the Bulletin of the Fan Memorial Institute of Biology. No reply has yet oeen receidid 
and owing to the Sino- Japanese war its publication in China now seems doubtful. 

* Tchang, BuU. Fan Memorial Inst, Biol. (Zool.), VII, p. 47 (1936). 

* MoCleUand, Calcutta Journ, Nat, Hist., II, p. 584 (1842). 
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Propseudecheneis can be readily distinguished from Pseudecheneis 
Blyth^ and Parapseitdecheneis^ by the nature of its mouth, lips and 



TfiXT-Fia, 11. — Ventral aurfaco of l-oad ami anterior part of body of Pnrajiftcudeche.ncis 
Hora, Propseudecheneis, ^en. iiov., and Pseudecheneis Blyth. 

a. Parapseudccheneis pnviei (Vaillant) ; Propseudecheneis Ichnngi, gen. et sp. nov. ; 
Psevdecheneis suJeatus (MeClelland). 

Figure h. is copied from Dr. T. L. Tehang's drawing. 

jaws and also by the form and position of its paired fiuvS. The general 
build of the body is also different in the three genera. Some of their 
distinguishing features are tabulated below : — 


PropsevdechenciSf gen. nov. Pseudecheneis Blyth. 


Parapseudccheneis Hora. 


Head and body greatly 
depressed ; head con- 
siderably narrower an- 
teriorly with the apex 
truncate. 

Mouth small. inferior, 
transverse ; lips thick, 
with small papillae. 


Adhesive disc composed 
of 21 folds which are pro- 
bably faintly marked. 

Outer ventral ray the 
longest ; probably not 
provided with adhesive 
folds on ventral surface. 


Head and body sub- Head and body greatly de- 
cylindrical ; head broad- pressed; head broad and 
ly rounded anteriorly. almost truncate anteriorly. 


Mouth very small consi- Mouth somewhat extensive, 
derably behind tip of sub-inferior ; transverse ; 

snout ; lips thick, re- lips thick and corrngated. 

tlccted round the mouth 
and studded with papil- 
lae. 

Adhesive disc com posed of Adhesive disc composed of 
14-15 prominent folds. 10-11 prominent folds. 


Outer ventral ray short, Outer ventral ray short, 
broad and provided with broad and provided with 
adhesive folds on ventral adhesive folds on ventral 
surface. surface. 


Tebang’s description of the unique specimen of Propseudecheneis 
is not sufficiently detailed to institute any further comparison with the 
other two allied genera, but the figures of the ventral surface of the 
head and the anterior part of the body of the t)q)e-8pecie8 of Pseudecheneis 
Parapseudecheneis and Propseudecheneis reproduced here clearly show 
their principal distinguishing features. 

In 1930, I (op. dt., p. 217) regarded Pseudecheneis and Parapseud- 
echeneis as having been evolved independently under the influence of 


^ Blyth, Journ. As. 8oc. Bengal, XXIX, p. 154 (1860), 
• Hora, Bee. Jnd. Mus., XXX1I1> p. 215 (1930). 
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some similar factor or factors in their environment, but recently, when 

became aware of the probable changes in the drainage system of 
South-eastern Asia, I considered them to be genetically related. The 
discovery of the Chinese form lends considerable support to the latter 
view. Judging from the structure of the three genera, it seems pro- 
bable that Propseudecheneis represents the generalised form and that 
the f)ther two genera are derived from it under somewhat different sets 
of environmental conditions. Parapseudeckeneis appears to have been 
evolved in somewhat deeper rocky streams with fast currents, such 
as arc now found in the plateau of Central Asia where somewhat similar 
forma of Glyptosternum McClelland, but without the thoracic adhesive 
apparatus, such as 0. maculatum (Regan) in Eastern Tibet and G. reti- 
culatum McClelland in Eastern Turkestan, Chitral, Afghanistan, Kash- 
mir, etc., are found today. Pseudecheneis seems to be specially adapted 
to live in turbulent waters of small rocky streams of the south-eastern 
slopes of the Himalayas and the connected chain of hills. I have indi- 
cated in several of my earlier works that the “ transfer of the adhesive 
organ from the centre of the animal to the extremities is a remarkable 
feature of all the hill-stream animals.’*^ Such a transfer is well illustrated 
in the case of the species of Glyptothorax Blyth, where in the less specialis- 
ed forms the adhesive folds are very extensive in the thoracic region 
but are totally absent from the paired fins. In the highly specialised 
forms, such as G. striatus (McClelland) and G. pectinopterus (McClelland), 
on the other hand, the thoracic apparatus is greatly reduced while the 
outer rays of the paired fins are provided with adhesive pads. Judging 
by this criterion alone, Propseudecheneis would seem to be the most 
generalised form, which gave rise to Pseudecheneis in India and 
to Parapseudeckeneis in Indo-China. Parapseudeckeneis probably gave 
rise to Glyptosi€rnum-]jlke fishes while the other two genera seem to be 
the progenitors of a variety of Glyptosernoid fishes found in China, 
Siam, Burma and India. 

It seems to be the case with practically all the present-day fresh- 
water genera of Indian fishes that their ancestral home was in South 
China or in the case of the mud-loving forms Indo-Chinese region. From 
these regions the aquatic fauna spread towards the south and west, 
and the subsequent changes in their environment induced the evolu- 
tion of a great variety of genera, especially in the regions of the Hima- 
layan upheavals. 

Propseudecheneis is found in Yunnan, Parapseudeckeneis in Tong- 
king and Pseudecheneis in Nothern Burma, Assam and the Eastern Hima- 
layas (Brahmaputra Drainage System). The first two genera are thus 
found in the Red River System, which according to Gregory® was once 
a mighty stream as it comprised the headwaters of the Yangtse-Kiang. 
The ancestral form of Pseudecheneis was probably transferred to Burma 
and India at a later date through the beheading of the eastern rivers 
by the younger western rivers which were being produced on the rising 
slopes of the Himalayas. 

»Hor». Ctif, 8ci., V. p. 864 (1937). 

• Hora, Phil. Trane. Roy. Soc. London, CCXVIII, p. 234 (1930). 

•Qregory, ScoaUh Otog. Mag., XLL, pp, 121-141 (1926), 


THE INDIAN EPHEMEROPTERA (MAYFLIES) OF THE SUB-ORDER 

EPHEMEROIDEA. 


By H. A. Hafiz, Ph,D. (Landon)^ D.LC. (London), Assistant Superintend 
deniy Zoological Survey of India, Calcutta. 

(Plates IV & V.) 

Introduction. 

The study of this interesting group of insects was sugge8t»ed to me 
by Dr. Baini Prashad, Director, Zoological Survey of India, with a view 
to continue the work of my friend and colleague Dr. B. Chopra, whose 
paper on the Palingeniidae and Polymitarcidae of the sub-order 
Ephemeroidea was published in 1927.^ The Mayfly material of the 
Indian Museum has in the meantime been increased by collections made 
by the Oflicers of the Zoological Survey of India and I am therefore 
obliged to include in this paper references to Palingeniid and Pol 5 ani- 
tarcid species abeady dealt with by Chopra, together with the description 
of a new species of the genus Anagenesia. This paper deals with all 
the Indian representatives of the sub-order Ephemeroidea so far as was 
possible with the material available. I have, however, not so far seen 
any material of the family Potaraanthidae. 

I have, as was done by Chopra, preferred to follow Comstock and 
Needham’s notation of wing venation throughout my work. I have 
also adopted Ridgway’s nomenclature in describing colouration. As is 
usual in this group, slide mounts of certain appendages of the specimens 
that I have seen have been made. These are deposited in the collections 
of the Zoological Survey of India. 

I am much obliged to Dr. Baini Prashad, Director, Zoological Survey 
of India, for his kind guidance and generous help in preparing this paper 
for the press. I wish to express my grateful thanks to Dr. B. Chopra for 
his notes and figures on the two new species of Ephemera, viz., E. diffusa 
and E. annandalei, as also on some other Ephemerid species dealt with 
in this paper. I have, however, re-examined the specimens that are 
in the collections of the Zoological Survey of India on which Chopra 
based his descriptions of the two new species and have made a few 
alterations and additions to his descriptions and figures. Some of 
theispecimens are, however, in a rather damaged condition. My best 
thanks are also due to Dr. F. H. Gravely for his kindness in loaning 
me the Madras Museum material for study and to my assistant, Mr. G. 
Mathai, for general help rendered in the course of ray work. Babu 
Subodh Mondul, one of the talented artists of the Zoological Survey of 
India, executed under my supervision some of the illustrations of this 
paper. 

fOlK^pra, B.--IUC. Ind. Mns* XXIZ, pp. 91-188 (1927). 

i: 3 a 
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Systematic Account. 

Suborder Ephbmeroidba. 

FamUy PALINGENIIDAB. 

Anagenesia loiitoiia> sp. nov. 

(Plate IV, figs. 1-3.) 

This species is represented in the Indian Museum collection by a 
single pinned female specimen from Lonton, Upper Burma, collected 
by Dr. B. Chopra ; the specimen is in a fairly good state of preserva- 
tion. 

Imago $ {dried ). — ^The general colouration of the body varies from, 
walnut brown to Vandyke brown. The head is pitch black ; the eyes 
are also black, encircled basally with dark brown ; the ocelli are light 
brown encircled with black ; the lateral ocelli are connected by fine 
shallow grooves meeting in the middle. The pronotum is well developed, 
and of a Vandyke brown colour except at the sides and at the posterior 
margins which are somewhat lighter. The anterior corners of, pro- 
notum are deeply notched. The mesonotum is slate black, robust, 
bearing two obliquely running shallow grooves forming a V. The 
metanotum is more or less of the same colour as the pronotum (Text- 
fig. .1). The dorsum of abdomen is walnut brown except the last three 



TiZT-rxo. 1. — AnagstitHa lonkma, sp. nov. 
Head and thorax of female, dorsal view ; x 8. 


B^ments, which are Vandyke brown and more convex than the ante- 
nor segments.. Segments 3 to 7 bear blackish gray semicircular mark- 
ings I the free ends of the arches nre directed forwards close to the 
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pogterior margins of the preceding segments. The posterior margin of the 
last abdominal segment is deeply notched in the middle and the rudi- 
mentary median caudal seta is visible from above. The venter of 
thorax is more or less conoolourous with the dorsum but that of the 
abdomen is considerably lighter and the posterior margins of segments, 
except the last, with pale thick lines. 

The wings are dirty-whitish and translucent. The fore-wings are 
large ; the wing venation is t 3 rpical of the genus ; Mi, however, appears 
to fork slightly beyond Rs ; there is a single longitudinal vein in the 
first anal fork ; costa, sub-costa, radius and the great cross vein are 
prominent and dark brown ; the rest are cream yellow. The neura- 
tion of hind- wings is typical of the genus ; the costal projection near 
the humeral angle is prominent and is of a dark brown colour ; C, So, 
R, M, Cu and the anal veins are well developed ; the forking of Rs is 
not well marked. 

The legs are considerably reduced, particularly the first pair. The 
coxae of the first and second pairs of legs are concolourous with the 
sternum ; the femora, tibiae and tarsi are very much lighter. It is 
difficult to make out the joints of the fore-tarsus owing to its being great- 
ly shrivelled in the only specimen available. Tlie claws of fore-legs 
are uniunguiculate. The second and third pairs of legs are mote strongly 
developed, but the tarsi are considerably reduced. The hind-tarsus 
bears one claw. 

The lateral caudal setae are ribbon-like, about half as long as the 
length of the body and uniformly pubescent ; the tips are pointed and 
brownish ; the median seta, as stated before, is rudimentary and is situa- 
ted in the middle of the notch of the last abdominal segment, 
not known. 

Length of body 29 mm. ; fore-wing 26 mm. ; lateral seta 13 mm. 

Type specimen.— No, Zoological Survey of India {Ind, Mus.). 

Locality. — ^Lonton, a small village on the western shore of the In- 
dawgyi Lake, Myitkyina district, Upper Burma, B. Chopra, 18th to 
31st October 1926. 

The present species is about the darkest in colour of all the Indian 
species of the genus Anagenesia Btn. that I have seen. It is by far 
the largest species of the genus, being slightly larger than even the 
males of A. robusta (Etn.). It differs from A. lata (Walk.) in its very 
much larger size and dirty-whitish wings. It is easily distinguished 
from the Bornean species, A. picta (Grav,), by the larger size of its body 
and wings, darker colouration of notum and abdomen and by the charao- 
teristic blackish gray semicircular markings on the 3rd to 7th abdo- 
minal tergites. 


Anagenesia minor (Eaton). 

1927. Atuigentaia minor, Chopra, Sec. Ind. Mue, XXIX, p. 113. 

I refer to this species a very large number of male specimens, both 
pinned and in alcohol, from Belgaum district in the Bombay Presi- 
dency. A. minor, as remarked by Chopra, certainly appears to be a 
widely distributed sp^ies having been previously recorded from Upper 
Burma, Bengal and Bihar, 
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Some of the specimens from Belgaum are much smaDer than those 
recorded by Chopra from other localities, the smallest measuring about 
14 mm. They, however, very closely resemble the specimens from 
Saraghat, Bengal. The characteristic feature of the species, viz,, the 
clouding of the dorsum of the posterior segments of the abdomen is 
quite clear but the general colouration of the specimens is somewhat 
lighter. The gray clouding of segments 7-9 is continued to other seg- 
ments but less and less so anteriorly and very much so in the first seg- 
ment. Specimens, in which the segments of abdomens are telescoped, 
have the gray clouding as a continuous mid-dorsal gray band. The 
terminal joints of the genital forceps arc distinctly longer tluin the pre- 
ceding ones. In all other characters the specimens agree with previous 
descriptions. 

Locality, — Dhupdal and Gokak, Belgaum district, iiombay Presi- 
dency, Baini Prashad and H. S. Kao, November 1928 (at light). 

Family POLYMITAKCIBAE. 

Polymitarcyt indicus (Pictet). 

1927. I*()lymiiarcy8 indicus, Chopra, Rec. Iml, Mus, XXIX, p. 124. 

I refer to this rather common species a large number of examples 
from Gokak, Belgaum district, Bombay Presidency, Sarai, Rewa State, 
and Kamaing, Upper Burma. The large number of specimens from the 
Bombay Presidency are all females. Specimens of both sexes from 
Rewa State include a number of male sub-imagos and the specimens 
from Upper Burma comprise both males and females. 

The specimens agree in all respects with previous descriptions. The 
number of subsidiary veins in the first anal fork of the fore-wing, 
ranging from 4 to 6, however, is variable. This character, therefore, 
does not appear to be of any great importance. The genital forceps in 
specimens from Sarai, Rewa State, are arranged as described by 
Chopra, the left forcep being more dorsally placed than the left penis lobe. 
But in one of the male sub-imagos from the same locaKty it is the right 
forcep which is more dorsally placed than the left. 

There are altogether six male sub-imagos. In all essentials they 
show great resemblance to the imagos but the colouration of the meso- 
notum is very much darker than that of the imago. The first pair of 
legs are very short. Femur with blackish brown streaks on the outside ; 
tibia very robust and a little longer thati the femur and has on its inner 
and outer surfaces a series of closely placed transverse blackish brown 
lines giving it a characteristic appearance. Tarsus three-fourths as 
long as tibia, also robust, the five joints decrease in size proximo-dist- 
ally ending in unequal biunguiculate claws. The second and third 
pairs of legs are as in the imago but the tarsi are not so much reduced 
and the segments are quite clear. The second tarsus has three distinct 
joints and the third four joints ending with biunguiculate claws. Vena- 
tion as in the adult ; six subsidiary veins in the fork of the first anal 
vein. Genital apparatus as in the imagos but in one example the right 
forcep appears to be more dorsally placed than the left. One of the 
specimens has the cast of the akin attached to the posterior end of Gie 
Imdy and t^ first |>air of le^ in this specimen ave as in the adults. 
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Locality, — Gokak, Belgaum district, Bombay Presidency (at light), 
B. Prashad and H. S. Rao, November 1928, Sarai (land) 2,700 ft,, Rewa 
State, H. S. Pruthi, February 1927, Kamaing, Myitkyina district, Upper 
Burma, B. Chopra, November-December 1926, and Mysore, S. India, 
Gangadaran, November 1925. 

Family EPHEMBRIDAE. 

Ephemera Linn, and Hexagenia Walsh, are the only two of the five 
known genera of the family so far recorded from India. T?he fornier 
comprises ten species including two species described in this papet 
as new and also E, fuhata described by Navas (1935). The genUS 
HeMgenia is, so far as I know, represented by a single species H, indica 
described by Chopra (1924). 

Genus Ephemera Linn. 

Ephemera diffusa Chopra, sp. nov. 

(Plate IV, figs. 4-9.) 

(S Imago {in spirit ), — The general colouration of the body is warm 
sepia to Vandyke brown or in some cases burnt umber, with the venter 
somewhat paler and the dorsum considerably tinged with black. 

The head is almost entirely black or rather blackish brown with 
only a small area in the middle near its posterior end somewhat paler. 
Another pale circular depression encircles a dark spot above the middle. 
Eyes are oval in outline with their inner orbits curved, and are separated 
from one another dorsally by a fairly extensive interspace. The eyes 
are black and the ocelli slightly lighter. The anterior ocellus is con- 
siderably smaller than the paired posterior ones. The antennae are 
brownish. 

The pronotum is long but at its posterior end the breadth exceeds 
the length. In about its anterior third the pronotum is pale brownish, 
but the rest of it excluding the margins only is covered by a large quad- 
rilateral patch of Vandyke brown. The sides of this quadrilateral patch 
are almost blackish. The mesonotum is large and is uniformly coloured, 
Vandyke brown to warm sepia ; near its posterior extremity it is some- 
what blackish. The metanotum is short and is of the same colour as 
the pronotum. 

The dorsum of the abdomen is Vandyke brown, with the margins 
considerably darker than the remaining surface. The apical borders 
of all the segments are also appreciably darker than the general surface. 
The characteristic abdominal markings, which are very prominent, are 
in the form of slightly curved to straight lines of dark Vandyke brown 
on the segments 2-9, on either side of the median line. In the anterior 
segments the markings are more or less ovalish while in the last three 
or four segments they are in the form of slightly bent bands. These 
bands in the posterior segments extend almost completely from the 
apical to the basal margins but in the anterior somites they are nearer 
to the basal than the apical margins. The marginal dark bands run 
from end to end of the abdomen close to the pleura on each side. lAiere 
is another sub-median band or streak on. each side running close and 
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parallel to the dorsal line. In the anterior segments this is very faint, 
but becomes more discernible in the posterior segments, where it be- 
comes considerably broader than anteriorly. The sub-median streaks, 
except in the ninth segment, are lighter in colour than the large lateral 
patches. It will thus be seen that the colour markings of the abdomen 
in Ephemera diffusa are more or less exactly like those of Ephemera 
supposita as described by Eaton in the Journal of the Asiatic Society of 
Bengal. 

The venter is much lighter than the dorsal surface and there are 
fairly large and prominent whitish spots on the 9th and the 10th ster- 
nites. The prostornum behind the head and the head around the base 
of the antennae are also whitish. 

The fore-wings are perfectly transparent in transmitted light, slight- ' 
ly iridiscent, and are of a shade between antique brown and raw umber 
(nearer the latter than the former) ; the terminal and the inner margins 
are slightly darker than the rest of the membrane. The submarginal 
area is considerably darker. The longitudinal and transverse veins are 
opaque and of a raw umber colour. The sub-costa and first radial 
veins are considerably darker than the other longitudinal veins. *The 
usual spotting of the wing is not at all clear perhaps owing to the speci- 
men being in spirit. The spot in the fork of the media may have been 
present, but there is no trace of any marking on the Cu. a little 
beyond the forking of M has a small circular completely transparent 
spot which originally may have had pigment around it. There is a 
similar transparent area on /ig and Sc but they are more proxinially 
situated. The venation is typical of the genus. The costa is well 
developed ; the sub-costa and the first radial are strongly developed. 
The radial-sector forks well in advance of media, the latter dividing 
beyond the middle. The cubitus branches quite close to the wing- 
root, the hinder branch being conspicuously curved near its origin. The 
first anal is obscurely connected with the cubitus at its base and forms 
a curve almost similar to that of the posterior branch of Cu. does 
not give many branches from its inner margin ; A 2 is connected at its 
base to A^ ; A^ near the inner margin runs parallel to A^* 

The hind-wing is concolourous with the fore-wing. The membrane 
is transparent and is more or less raw umber in colour ; near the mar- 
gins the membrane is much darker. There are no colour spots and 
the veins are not edged with colour. The costal projection is fairly 
conspicuous ; Rs arises from R^ and is forked quite near the wing base. 
M also divides near the fork of Rs and as usual joins Cw. The veins 
of the inner margin are not very prominent. 

The legs, except for some parts of the fore-legs, are somewhat lighter 
in colour than the body (Text-fig. 2). The tibia of the fore-leg is van- 
dyke brown, but the outer surface of the femur has a number of pale 
longitudinal streaks. The tarsus is considerably paler than the tibia. 
The second and third legs are somewhat light umber-browr* with darker 
streaks on the femora. In their structure the legs are more or less 
typical of the genus. The fore-legs are very long and are about as long 
as or even longer than the body. The tibia is a little less than 3 times 
as long M the femur, while the tarsus is 4 times as long. The tarsus 
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is formed of 4 long, distinct segments and a rudimentary basal joint. 
The 4 large tarsal segments decrease in size progressively from the first 



Tkxt-big. 2 . — Ephemera diffusa Chopra, sp. nov. 

a. Iflt leg of male : X 7 ; 6. 2nd leg of male : X 7 ; c. 3rd leg of male : X 7. 

to the last ; the first is only slightly longer than the second and is almost 
equal to the third and the fourth joint together ; the 3rd is about twice 
as long as the 4th. Both the claws are similar. The second leg, the 
shortest of the three, is only a little shorter than the third. The femora 
of the 2nd and 3rd legs are of about the same length as that of the Ist ; 
the tibiae and tarsi of the 2nd and 3rd legs are less than even a third 
as long as those of the 1st. The tarsi of the last two pairs of legs are 
small, being about a third of the length of the tibiae. The tarsus is 
formed of 5 joints, the basal rudimentary segment is also more or less 
fully differentiated. The tarsal joints are sub-equal, except the ulti- 
mate one which is the longest. 

The genital apparatus is lodged in a deep concavity of the very 
short 10th tergite. The forceps are concolourous with the venter. 
Each forcep is formed of 4 distinct segments. The two terminal seg- 
ments of each are small, about as long as the basal and less than half 
as long as the 2nd. The basal segment is stout and the 10th tergite 
near its origin has a short spine. The second segment has a large pro- 
minence on its inner side near the base, is grooved ventrally and has 
hairs all along the groove. The penultimate and the terminal segments 
are" hairy. The penis lobes are of the same colour as the venter and 
are proportionately very small in size ; they are lodged in a deep con- 
cavity of the 10th sternite, but a thin membrane-like structure covers 
their basal portions. The lobes are short, stumpy, finger-shaped, dist- 
ally rounded, each having a sharp spine about &s long as the lobe itself 
lying by its side along the inner margin. The presence of any such spine 
in connection with the genital apparatus has not been observed in any 
other mayfly and it is difficult to make any suggestion r^arding its 
function, etc. The spine on the tergite near the base of the forcep is 
also unusual. 
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The setae are thin and long and are more or less circular in cross 
section. The setae in most of the specimens are broken, but the median 
seta appears to have been almost quite as long as the lateral ones. The 
setae are Vandyke brown in colour, but in some specimens are antique 
brown especially towards their posterior ends. They are clearly seg- 
mented and are uniformly setose. 

(J Sub-imago {in spirit), — This differs from the imago in being much 
lighter in colour. The wings are pale, dirty whitish with yellowish 
costal shoulder and brownish (darker near the wing base than distally) 
sub-costal and first radial veins. The principal veins are light brownish 
near the root but are milky whitish distally. Except in the sub-costal 
region most of the transverse veins are whitish and opaque. The dor- 
sum of the abdomen is much lighter in colour than that of the adult 
but the colour markings in the two are identical. The prothorax is 
proportionately much shorter than that of the adult. 

The legs in the proportion of their component parts resemble those 
of the female sub-imago more closely than those of the ^ imago. In 
the fore-leg the femur is proportionately large and the tarsus is cor- 
respondingly reduced. The genital forceps are like those of the adult 
but the penis lobes are small. The caudal setae are long and have 
very prominent dark brown joints. 

$ Sub-imago {in spirit ), — The body is much paler in colour than 
that of the male imago. It is raw sienna above in places becoming 
antique brown to raw umber and is maize yellowish below. The head 
is dark brown and the eyes are blackish. The pronotum is short and 
is distinctly transverse. The notum has small irregular short setae of 
antique brown. The dorsum of the abdomen appears to have the same 
scheme of colour markings as that of the male but the marginal row of 
markings is hardly visible. The sub-median and the lateral rows are 
very well defined. The venter and the sides, as already mentioned, 
are light maize yellow. 

The wings are dull whitish, with a pale tint in certain aspects and 
the veins are whitish. The sub-marginal area in the fore-wing is grayish. 
This wing, as compared with that of the male, is slightly longer and nar- 
rower, but the venation in the two appears to be more or less identical. 
The meta-thoracic wing is concolourous with the fore-wing and the 
venation is exactly like that of the hind-wing of the male. 

The legs are more or less of the same colour as the venter (Text-fig. 
3). The fore-leg has, however, a, dull brownish streak on the femur 
and another on the tibia. The fore-leg is much shorter than the body ; 
the femur is slightly over } as long as the tibia and is somewhat longer 
than the tarsus. The latter consists of 4 distinct and one indistinct 
(basal) segments. Of the 4 segments the ultimate is the longest, while 
the 3rd is the shortest ; the first is longer than the 2nd and is consider- 
ably shorter than* the last. The claw is well developed and the two 
halves are dissimilar. In the 2nd leg the tibia is twice as long as femur 
and the tarsus is reduced. Of the 4 distinct segments, Uie last is by 
far the longest and the other three are sub-equal. In , the last leg the 
tarsus is further reduced and the segments are not clearfy seen. 

The setae are dirty whitish with brown joints, which become consi- 
derably faded distally. 
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Along trith the specimens described above a large number of cost 
sub-imaginal skins were also collected. Both sexes are represented 



a. Ist leg of female sub-imago : x 20 ; 6. 2nd leg of female sub-imago : X 20 : 
c. 3rd leg of female sub-imago : X 20. 

but the females far outnumber the males. The characters briefly men- 
tioned above for male and female sub-imagos are clearly brought out 
by the specimens. They are transparent, whitish with only certain 
thoracic parts raw sienna. 

Length of body, imago 10 mm., sub-imago 10*5 mm., skins up to 
13 mm., $ sub-imago 10*5 mm., skins 11-15 mm., wings (J imago 10*5 
mm., sub-imago II mm., $ sub-imago 11 mm. ; setae cj imago up to 
22 mm., sub-imago 16 mm., skins 18 mm., $ sub-imago 15 mm., skins 
up to 13*5 mm. 

Nymph not known. 

Type specimens, — ^ imago No. ^ sub-imago No, and 9 sub- 
imago No. 1^. Paratypes . — ^ images No. A fairly large number 
of cast sub-imaginal skins No. Zoological Survey of India (Ini. Mus.), 

Locality . — ^All the specimens described above were collected by 
Dr. H. S. Eao in October 1924, sitting on a wall on the bank of the 
Bhavani river at Bhavani in the Coimbatore district. It is stated by 
Dr. Rao that the wall was covered with thousands of cast skins of which 
a few were collected. Also taken at Mettupalliyam, Gravely, lO-vi-1928. 

E. diffusa is easily distinguished from E. immaculata Eaton^ by its 
smaller size and warmer colour and by the penis lobes being shorter. 
It differs from E. expectam (Walk.)^ by its more prominent abdominal 
markings. 

> Eaton, A. B.— Tiw*#, StU. 8oe. London, p. 74 (1871). 

« Walker, 198 (1860). 
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Ephemera anmmdalei Chopra, sp. nov. 

(Plate V, figs. 1-4.) 

A single male specimen in certain respects resembling very closely 
E. expectans (Walk.) is in the collection of the Indian Museum. 

^ probably Sub-imago (in spirit). — The general colour, as in E. 
expectans, is white but there is considerably more of brown on the dorsal 
surface. The head is very pale orange yellow, with a few short irregular 
streaks scattered on it. The eyes are slate gray and the ocelli are white 
with grayish broad rings at their bases. The pronotum is also pale 
orange yellow with broad areas along each side suffused with Vandyke 
brown and a distinct fairly broad streak of the same colour on each 
side. The median area between the streaks is whitish. The mesono- 
tum is mostly whitish but in parts maize yellowish and has two broad 
curved streaks one on each side. These streaks are continued into 
broad patches of raw sienna to antique brown. The metanotum is 
suffused with small brownish spots. 

The colour markings of the abdomen are principally very much 
like those of E. expectans, but the streaks are not chocolate but clove 
brown to blackish brown. The whitish ground surface of the dorsum 
is much less visible in between the streaks in the present species than 
in E. expectans. In segments 3-9 there are three clearly visible streaks 
on each side. The sub-median streak is slanting so that it meets its 
companion of the opposite side at the anterior end of the tergite. The 
laterals and marginals are more or less straight and run parallel to one 
another, the latter being quite close to the margin. In the 9th segment 
these two streaks more or less meet one another so that there appears 
to be one broad band on each side. In the first two segments the streaks 
are not differentiated, so that there is a general suffusion of colour. 
On the loth tergite there is a blackish square spot on each side in con- 
tinuation with the side, streak and a crescent-shaped arch at the bases 
of the setae. 

The venter is like that of E. expecUins there being 2 rows of streaks 
on the abdomen ; those on the 9th being much .broader than the others. 
Between the bases of first legs there is a faint triangular spot. The 
sides are concolourous with the venter, but in the thorax there is a 
short streak near the mesothoracic wing-root. On the sides of the 
abdomen there is a short streak on each segment and some of the 
spiracles are also encircled with brown. 

The wings are dirty-wliitish, with the sub-costal area of the fore- 
wing very pale yellow orange. The membrane is dull but transparent 
and the longitudinal veins except the Se and R are opaque and white. 
The sub-costa and the first radius are pale yellowish orange. The 
transverse veins are Vandyke brown to warm sepia. There are no 
transverse veins near the inner margin. At the bifurcation of M there 
is a large and very prominent spot and the other 3 spots are also present 
in the usual position though considerably smaller than that of M. The 
venation is like that of E. expectans, but there are fewer subsidiaries 
given from Ax to the margin. 

The hind-wing is concolourous with the fore-wing and the longitu- 
dinal and the transverse veins are also of the same colour* The venation 
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is t 3 rpical of the genus and the posterior branch of M distinctly arises 
from Cux, 

. The legs are concolourous with the venter and are for the most part 
devoid of prominent colour markings (Text-fig. 4). In the fore-leg^ 



Text-fig, 4, — Ephemera annandalei Chopra, sp. nov. 
a, 2nd leg of male sub-ima^o : X 22 ; 6. 3rd , leg of male sub-imago : X 22. 


the tibia has a longitudinal streak of Vandyke brown and one or two of the 
same colour, but fainter, are present on the femur. The coxa of the 
3rd leg has a dark brownish spot on its anterior surface. The fore- 
tarsi of both the sides are broken but the fore-tibia (as is the case in 
all sub-imagos) is comparatively shorter, being only slightly longer 
than the femur. In the 2nd and 3rd legs the tibia is much longer than 
the femur and the 3 basal joints of the tarsus are sub-equal while the 
terminal is the longest ; a 5th rudimentary joint is hardly differentiated. 

The genital forcep is of the same colour as the venter and has a 
very fine brownish streak along the outer margin. Of the 4 segments, 
of which it is formed, the basal is short and stout and has a prominent 
rounded projection on the inner side of its posterior extremity. The 
second joint is the longest, is curved and slightly grooved ventrally, 
there being hairs all along the sides of this groove. The last two seg- 
ments are small, but the penultimate is about twice as long as the last. 
There is a small and faint brownish streak at the junction of the 2nd 
and 3rd joints. The concavity formed by the 9th sternite to receive 
the genital apparatus is fairly deep. The penis lobes are short and 
triangular with the apices very slightly rounded. The spine-like struc- 
ture near the bases of the forceps is prominent and is a little larger than 
the penis lobes. It is finger-like and rounded at the base. 


^ The fore-legs are missing from the specimen and I hare not been able to trace 
them from slides either. 
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The setae are dirty- whitish on the underside with white joinings 
near the base. On the upper surface and the outer sides the joints 
are brown and the general surface is also suffused with brown. Some- 
what away from the base there is a brownish patch on each segment 
besides the ring of the same colour. Near the posterior end the setae 
are rounded and the joints are brown all round. The median seta is 
almost as long as the lateral. 

Length of body 15 mm., fore-wing 13‘5 mm., setae 14*5 mm. 

$ Imago {m spirit), — The colouration of the head, thorax and abdo- 
men is like that of the male, though it is slightly less white, being palish. 
The abdominal markings are also similar, though somewhat brighter. 
The wings are transparent and iridescent. The dirty-whitish colour 
of the wing of ^ is no doubt due to the specimen being a sub-imago. 
The yellowish orange tint of the longitudinal veins in the costal region 
is more well marked than in the (J. 

The colouration and structure of the legs are more or less as in (J. 
The wing venation is also apparently like that of the (J. 

Setae are as in male, but broken. 

Length of the body 15 mm., fore-wing 15 mm., setae broken hut 
appear to be about 14 mm. 

Nymphs not known. 

Type specimens, — ^ sub-imago No. ^and$ imago No. Zoological 
Survey of India [Ind, Mus,), 

Locality, — The single male specimen was collected at Shillong (Assam) 
at an altitude of 4,600 ft. by Dr. N. Annandale in April 1918. The 
female specimen was collected by Mr. T. B. Fletcher at Shillong in 
November 1924. 

The species superficially resembles E. expectans, but may easily be 
distinguished from it in having a considerably warmer colour and in 
the dorsum being more profusely and darkly coloured. The wing mem- 
brane is not quite as dull and whitish as in E, expectans. The mark- 
ings on the dorsum of the abdomen are also different in the two spe- 
cies. There are fewer subsidiary veins going' to the inner margin from 
Ai than in E, expectans and the spine-like structure on the side of the 
penis lobe more pointed and finger-like. 

Since Dr. B. Chopra wrote the foregoing description of the present 
species a large number of female imagos both pinned and in alcohol 
have been collected by him at light from Lonton, Upper Burma. The 
tibia of the fore-leg in these specimens has dark chocolate brown rings 
at the proximal and distal ends. The transverse veins of wings arc 
also dark chocolate brown. 

There are two more female specimens in spirit from Namkhai river, 
Kutkai, North Shan States, Burma (4,600 ft.) collected by Dr. H. S. 
Rao in November, 1926. The specimens are somewhat damaged and 
the fore-legs in both the specimens are missing. Setae are broken but 
the wings are in a fairly good condition. I have placed these speci- 
mens under this species with some doubt, as the characteria^ abdo- 
minal markings are not so very prominent and the general appearance 
is like that of B. expectans. They, however, differ from B, expedtans 
by their longer bodies and shorter wing expanse. 
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There are 6 more pinned females from Nyaungbin, Upper Burma, 
collected by Dr. B. Chopra in November 1926, which closely resemble 
E. annandalei in their general appearance and wing venation but differ 
like the specimens from Lonton in having the ends of the tibiae of the 
fore-legs coloured dark chocolate brown. The broader ungues of the 
second and third claws are also dark brown as in the specimens from 
Lonton. 

I also refer to this species a female specimen (in spirit) from Sugar, 
Shimoga district, Mysore, colIecte<l at light by Dr. H. S. Rao (1. xii. 
1928), a specimen from Daiisler Wah, Bubak, Sind, collected by Dr. 
B. Prashad and Dr. B. Chopra (21-2Ih xi. 1927), and three more females 
(in spirit) from near Harai, altitude 2,7(X) ft., Rewa State, collected by 
Dr. H. S. Pruthi (February 1927). From more or less the same locality 
(Opposite the Camp at Harai, 2,625 ft., Rewa State, March 1927) Dr. 
H. S. Pruthi also collected a single male. The male specimen is in a 
fairly good condition and as Chopra described only the cJ sub-imago, 
I give below the description of what I consider to be an adult. 

Imago {in s'pirit), — There is only a superficial difference between 
the adult and the sub-imago in that the general colouration of the for- 
mer is much darker than that of the latter. 

The front portion of tlie head is damaged bpt the general structure 
appears to be the same as in the sub-imago. The thorax is more darkly 
coloured, approaching umber brown, especially at the sides of the meso- 
notum. 

The abdominal markings are better defined than in the sub-imago 
but the abdomen appears to be shorter than that of the sub-imago. 

The fore-legs are missing in this specimen. The coxae and femora 
of the second and third pairs of legs are concolourous with the sides 
of the thorax. The coxae of third pair of legs on their outer surface 
have a dark brown spot. The tarsi of both the pairs of legs end in 
biunguiculate claws. Structurally the second and third pairs of legs are 
very similar to those of the sub-imago. 

The wings are clear and transparent, with the sub-costal area light 
brown. The longitudinal veins, especially the first three, are conspi- 
cuously brown. The transverse veins arc also brown. The wing vena- 
tion is similar to that of the sub-imago. 

The genital apparatus is lodged in the concavity of the last abdo- 
minal segment, and the general structure is similar to that in the sub- 
imago. Only one lateral seta of a dirty-whitish colour with brownish 
joints is present in the specimen. 

Length of body 13 mm., fore-wing 12 mm., lateral seta 23 mm. 

Distribution. — E. annandalei has a fairly wide range of distribution, 
extending from Upper Burma in the east to Sind in the west and as 
far down south as Mysore in the Peninsula. 

Eidiemeni imnuiculata Eaton. 

(Plate V, figs. 8-11.) 

1871. Ephemera immaeuiata, Baton, Trane. Ent. Soe. London, p. 74, pi. ir, 

fig. 10. 

1883. Ephemera immaculata, Eaton, Trans. Linn, Soe. London, (2), HI, p. 72. 

1920. Ephemera immaeulata, Ulmer, Snkmot. ZeUunp. SkUin. L3 CX1Q , p. 109. 

^927. Efhmera immapuhUaf Lestage, Ann, 8oe, EM* Eranee, XOVlp p* 96, 
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Eaton’s description of E. imrnaculata is too inadequate to enable 
one to recognise it satisfactorily, but as a number of specimens in the 
Indian Museum agree fairly closely with Eaton’s description I have 
considered it best to identify them with Eaton’s species. The speci- 
mens are from Bangalore in South India ; Eaton’s example came from 
“ Cuna I have also examined a single male from the same locality 
captured by Dr. Gravely in May 1921 and preserved in the collection 
of the Ma<bas Museum. 

The general colouration of the specimens is somewhat lighter than 
that described by Eaton, but this may be due to preservation in spirit 
for a number of years. 

The head and the thorax are pale brownish, the latter being darker 
than the former. The eyes arc grayish and the ocelli are white encircled 
with chestnut brown. Behind the ocelli there are two short, parallel, 
longitudinal streaks of a chestnut colour not extending to the anterior 
margin of the pronotum. The thorax is pale brownish with a few dar- 
ker streaks. The abdomen is dark, and the tips of the segments and 
the spiracular lines are considerably darker. The penultimate segment 
of the abdomen is considerably darker than the rest of the abdomen. 
The venter and the sides are lighter than the dorsal surface. The lateral 
margins of the penultimate abdominal sternites are streaked with 
brown. 

• The legs are more or less concolourous with the venter. The femur 
of the fore-leg is considerably lighter than the rest of that limb. The 
tarsi of all the legs are very light, almost pale whitish. The setae are 
light brownish, somewhat warmer in the proximal portions. 

The wings are spotless ; the usual spots on Sn, Rs and near 
the fork of M, so characteristic of the other species are absent. The 
membrane of the fore-wing is clear and more or less devoid of colour. 
The coloured veins, however, make it appear somewhat brownish. The 
veins are raw sienna to antique brown. The cross veins in the sub- 
marginal area especially towards the base are considerably darker than 
in the rest of the wing. The venation is more or less typical of the genus. 
Rs forks well in advance of Af, the latter dividing somewhat about 
the middle. The disposition of Cu, A and their branches is very similar 
to that of E. diffusa. 

The terminal margin of the hind- wing is coloured raw sienna like 
the sub-marginal area of the fore-wing. The marginal and sub-marginal 
areas near the wing root are also lightly tinted. The venation is more 
or less typical of the genus. The costal projection is very prominent ; 
Rs forks near the wing base and the second branch of M is joined on 
to Cu. The venation in the hinder portion of the wing, somewhat 
contrary to rule, is rather well developed, the anals being quite pro- 
minent. 

The legs are very well developed, those of the first pair being very 
long (Text-fig. 5). The first legs are broken in all the specimens. The 
tibiae and the tarsi of the second and the third pairs of legs are reduced. 

^ I hsTe not been able to trace Cana **, it may probably be a lapsus saUms for 
Guna in Gwalior. 
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The mid- tarsus consists of 5 segments ; the first joint is rudimentary 
and the terminal is by far the longest. The third leg is similar to the 
second. 

The genital apparatus is very like that of E, diffusa. The forceps 
are concolourous with the venter and have the usual structure. The 



TBSXT-Fta. 6. — Ephemera immaculata Eaton. 
a, 1st leg of male : X 10 ; 6. 2nd leg of male ; X 10 ; c, 3rd leg of male : x 10. 


terminal segment appears slightly shorter than the sub-terminal. A 
shallow protuberance is visible along the outer side of the base of the 
second segment. The spine of the 10th sternite near the base of the 
forceps is fairly well developed. The cup-like concavity of the last 
sternite formed for the genital apparatus is rather shallow. The penis 
lobes are finger-shaped structures arising from a quadratic basal area 
and are proportionately longer than those in E, diffusa ; the spines on 
their inner sides are considerably longer than the lobes themselves. 

The three setae have the usual structure and are sub-equal in length. 
They are light brown near their bases, but become lighter distally. 

There are no females or nymphs in th6 collection before me. 

Length of body ^ imago up to 12 mm., fore-wing up to 11-5 mm. ; 
setae missing in most of the specimens. 

Distribution. — ^Eaton’s type which is stated to be in the Hope Mu- 
seum; Oxford, came from Cuna, but this is possibly a misprint for 
Ouna in Gwalior. The specimens that I assign to E. immaculata 
are from Bangalore (alt. ca. 3,000 ft.) and most of them were 
collected by the late Dr. Annandale in October 1910. All these 
specimens are males. Also taken at. Bangalore (alt. ca, 3,000 ft.) by 
Dr. Gravely in May 1921. 

Remarks. — E. immamlata as described above seems to resemble the 
South Indian E. diffusa in several respects. It is, however, slightly 
larger in size and is of a much lighter colour. The wing membrane 
is very differently coloured, and the male genitalia are very different. 
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Eldiainera asqpectaiit (Walker.) 

I860. Potanuinihua expectans. Walker, Trans, Ent. 8oc, London, (n. s.) V, p. 

198. 

1871. Ephemera expectans, Eaton, Trans, Ent, Soc, London, p. 74. 

1883. Ephemera expectans, Eaton, Trans, Linn. Soc. Ijondon, (2) III, p. 72. 

1913, Ephemera vt^na, Banks, Froc. Ent, Soc, Wash. XV, pp. 137-138. 

1920. Ephemera expectans, Ulmer. Entomol, Zeitung, Stettin. LXXXI, p. 109. 

1927. Ephemera expectans, Lestage. Ann, Soc. Ent. France XCVI, p. 95, 

Immjo (in fipiril ), — There is a single male specimen from Naiiku- 
chia Tal (alt. 4,200 ft.), Kumaon Hills, collected by Dr. S. W. Kemp 
(5. V. 1911). It agrees with previous descriptions of the species, except 
for the colouration. This difference, however, may be due to the speci- 
men having been in spirit since 1911. The measurements of this speci- 
men are —Length of body 13-5 mm., wing 12 mm. 

I also refer to this species a large number of rather damaged adult 
females collected by Dr. B. Chopra (12-15. xi. 1926) from Chaungwa, 
Upper Burma. These specimens closely agree with Eaton’s description 
in his well known monograph. Their measurements are almost identical 
with those of the female sub-imagos described by Eaton. I have also 
seen five male specimens preserved in the Madras Museum ajid col- 
lected by Gangadaran from Mysore in November 1926. 


Ephemera suppotita Eaton. 

(Plate V, figs. 6-7.) 

1858. Potamanthvs fasciatus, Hagen, Verb. Zool. Bot, Oessells, Wien. VIII, 
p. 476. 

1871. Ephemera fasciata, Eaton, Trans. Ent. Soc. London, pp. 74-75, pi. iv, 
figs. 11, 11a. 

1883. Ephemera snpposita, Eaton, Trans. Linn. Soc, London, (2), III, pp. 72- 
73, pi. viii, fig. 12(5. 

1891. Ephemera supposita, Eaton, Joum. As. Soc. Bengal, LX, pp. 409-410. 

1920. Ephemera supposita, Ulmer, Entomol, Zeitung, Stettin. LXXXI, p. 109. 

1921. Ephemera supposita, Ulmer, Arch, f, Naturg. LXXXVII, p. 261. 

1924. Ephemera supposita, Lestage, Ann. Soc, Ent. Belgique, LXIV, p. 39, 

1927, Ephemera supposita, Lestage, Ann. Soc, Ent, France, XCVI, p. 97. 

None of the specimens identified by Eaton as E. supposita are pre- 
served in the collection of the Indian Museum. 

Three pinned males collected in the Malabar district in South India 
and preserved in the collections of the Madras Government Entomo- 
logist at Coimbatore are referred to this species. The 3 specimens, 
which were examined by Dr. Chopra, the present Government Entomo- 
logist at Coimbatore informs me, are not present in his collections. I, 
however, give below a few notes Dr. Chopra made while examining 
the specimens together with the figures which were prepared under his 
supervision. 

“ In general colouration the specimens agree closely with the pub- 
lished accounts. The general tint of the dorsum is more of Vandyke 
brown than bistre, but this may be due to the fact that Eaton’s ex- 
amples were, as stated by him, faded. The head is considerably darker 
than the rest of the body, and there are two dark squarish patches near 
the posterior margin'of the pronotum. The mesohotum is lighter in 
(soj^ui (approaching l;ei^tac^a8) fhan t^he abdomen and tiie ipet;§no^uin 
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is in places still lighter. The colour pattern of the abdomen seems 
to agree closely with Eaton’s account. The venter is somewhat lighter 
than the dorsum. 

The fore-legs in two specimens are missing, while only one is pre- 
sent in the third (Text-fig. 6). The femur is brownish, while the tibia, 



Trxt-fiq. 6 . — Ephemera tmpposita Eaton. 
a, Ist leg of male ; x *9 ; ft. 2nd leg of male ; x 9 ; c. 3rd leg of male : x 9. 


especially towards its distal end, is considerably darker. The tarsus is 
also dark brown. Hind-legs are much lighter in colour, yellow-umber, 
as described by Eaton and have the ungues considerably darker. 

The setae are umber brown proximally, and the distal parts are 
yellow. The joints are reddish brown to blackish. 

The colouration of the wings is exactly as described by Eaton and 
the four colour spots described by him are well seen. The venation is 
quite typical of the genus. 

The hind-wing is coloured like the fore-wing. The sub-costal vein 
is brown. Tlie other longitudinal and cross veins are as in the fore- 
wing. The terminal margin, as also a part of the inner margin is clouded 
with grayish colour, very lightly tinted with brown. 

The genital forceps are as described by Eaton ; they are dull yello- 
wish in colour (with a slight shade of brown) and the two terminal joints 
are black. 

Length of body, cj 17 mm., fore-wing 16*5 min., setae 39 mm.” 

I refer to this species 3 specimens (in . spirit). They were all 
collected from Peradeniya, Ceylon, 1,500 ft. by Drs. N. Annandalc 
k F. H. Gravely. Two are males and the third is a female. The 
female appears to be a sub-imago and is in a damaged condition. 
One of the males also appears to be a sub-imago. It is 15 mm. long, 
and in general characters is very similar to previous descriptions. 

The female sub-imago is only 13 mm. long. Its general colouration 
is lighter than that of the cf sub-imago. 

LocalUy , — The three pinned specimens that were referred to this 
species by Dr. B. Chopra were lent to him for examination by the Madras 
Government Entomologist at Coimbatore. Two of these were collected 
at Santhanatbod in the Malabar district at an altitude of 2,500 ft. in the 
month of October 1917. The third specimen came from near a stream 
at Taliparamba and was captured in October 1908. All the specimens 
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were dry males and were said to be in quite a good state of preserva- 
tion. A single male specimen was also collected by Dr. Gravely from 
Kodaikanal, Palni Hills (alt. ca. 6,500 — 7,500 ft.) in May- June 1926 and 
is preserved in the Madras Museum. Eaton’s specimens were from 
Bambodde, Ceylon, 


Ephemera remensa Eaton. 

1891. iCphemera remensa, Eaton, Journ. As. Soc. Benyal, LX, i)p. 410*412. 

1920. Ephemera remensa, Ulmer, Eni, Zeiinng. /Stettin. LXXXl, p. 109. 

1927. Ephemera remensa, I^estage, Ann. Sac. Ent. France, XCVl, p. 90. 

Of the five male imagos from Kulu on which Eaton based his de- 
scription of this species only three pinned specimens are preserved in 
the collections of the Indian Museum. All the specimens are in a pretty 
bad condition, the abdomen and the head of one being completely lost 
and in the other two badly damaged. The wings in the specimen without 
the abdomen and the head are, however, in a good state of preservation. 
In the spirit collection there are a few fragments of another specimen, 
including a portion of the male genital apparatus and a leg. 

Typesfedmens. and Zoological Survey of 

India (Ind. Mus.). 

iocatey.— Kulu, Western Himalayas. 


Ephemera contors Eaton. 

1891. Ephemera consors, Eaton, Jonrn. As. iSoc. Bengal, LX, pp. 412-413. 

1920. Ephemera consors, Ulmer, Eni. Zeiinng. Stettin. LXXXl, p. 109. 

1927, Ephemera consors, Lestagc, Ann. aSoc. Ent. France, XCVl, p. 99. 

Of the two ^ imagos and two 9 sub-imagos from the Indian Museum 
on which Eaton based his description of the species only one male imago 
and one female sub-imago (both pinned) are available in the Indian 
Museum collections. The specimens are in a very poor condition, the 
sub-imago having lost its abdomen completely. The imago too pos- 
sesses only a portion of the abdomen. The wings in both the specimens 
are, however, in good condition and so are some of the legs. 

Typespeoirnens.— Nob. ~ and Zoological Survey of India 
Mus.), 

Locality. — Kulu, Western Himalayas. 

Ephemera pulcherrinui Eaton. 

1892. Ephemera pnleherrima, Eaton, Trans, Eni, Soc. London, pp. 186-186. 

1927. Ephemera pnleherrima, Lestage, Ann, Soc, Ent, France, XCVl, p. 99. 

I have not so far seen any specimen belonging to this species. From 
Eaton’s, description, which is fairly detailed, the species appears to 
resemble E, annan^alei described in this paper as new. Eaton’s species 
is, however, much smaller, measuring 12 mm. in length while E. annan- 
daJc% iB 16 mm. long. The single female on which Eaton based his 
description is probably in tbo British Museum, and came from Tenas- 
serim Valley, 
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Genus Il«x*gtiu« Walsh. 

Hexagenia indica Chopra. 

1924. Ttexage.nia indica^ Chopra, i?ec. /nrf. Mua. XXVI, pp. 416-418, 

H, indica is the only species of the genus Hemgmia Walsh, so far 

described from India. There are altogether eleven specimens belonging 
to this species in the Indian Museum collections. All the specimens are 
females, the male being unknown, and two of them are pinned. The 
specimens were collected by the late Dr. Annandale on the surface of 
the Chilka Lake o£E Barkuda Id. in August 1919. 

Family POTAMANTHIDAE. 

Of the seven known genera of tlie family only four, mz,, Potavmnthufi 
Piet., Rhoenanthus Etn., Rhoenanthodes Lost, and Potanmnthodes Ulm. 
have so far been recorded from India. A useful key is provided by Lest- 
age in’ his “ Contribution a L’Etiide des Larves des Bphemeropteres 
for recognising the genera and species. As stated in the introduction, 
I have not so far seen any mayflies belonging to this family. 

Genus Potamanthus Pictet. 

Potamanthus subcostalis Navas. 

1032. Potamanthus suhcostalisy Navaa, liev. Acad, Cienc, Zaragoza, XV, pp. 
17-18. 

This species appears to have been dovseribed from females only and 
the locality is given as Khandala (Bombay). 

Genus Rhoenanthus Eaton. 

Rhoenanthus posticus Bks. 

1914. Rhoenanthus posticus. Banks, Proc, Acad. Nat. Sc. Philadelph. LX VI, 
p. 613. 

10.30. Rhoenanthus posticus, Lestage, Mem, Soc. Ent. Belgique, XXI II, p. 131. 

This species described by Banks was recorded from Kandy, Ceylon. 

Genus Rhoenanthodes Lestage. 

Rhoenanthodes amahifis (Eaton). 

1892. Rhoenanthus amahilis, Eaton, Trans. Ent. Soc. London, pp. 188-189. 

1925. Rhoenanthus amahilis, Ulmer, Arch. f. Natvrg. XCT, heft v, p. 100. 

1930. Rhoenanthodes amahilis, I^iestagc, Mem. Soc. Ent. Belgique, XXIIT, p. 136. 

This species was originally described by Eaton under the genus 
Rhoenanthus from a single c? imago (dried) collected from the Tenas- 
seriip Valley. Lestage has, however, created a new genus Rhoenanthodes 
to accommodate this species and has redescribed it. The species, as 
Lestage redescribed it, is also known to occur in China and Tonkin. 

Genus PotamanAodes Ulmer. 

Potamanthodes formosus (Eaton). 

1892. Potamanthus formosus, Eaton, Trans, Ent, Soc. bp. 188-18fif, 

1919. Potamanthodes formosus, Ulmer, Arch, f, Naturg. LXXXV, heft XI, 

1926. PoLmanthodes formosus, Ulmer, Arch. f. X^, heft V, P» 

1930. Potamanthodes formosus, Lesiage, Mem. Soc. Eni. Bdgiqu€, XXlH, 

p. 139. 
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Eaton based his description of the species on dried male and female 
imagos. Ulmer in 1920 redescribed the species and referred it to his 
new genus Potamanthodes. Eaton’s specimens came from the Tenas- 
serim Valley and the species has since been recorded from Japan, China, 
Tonkin and Formosa. 

The following is a list of Indian Ephemeroptera of the sub-order 
Ephemeroidea which have been described in journals I have not been 
able to consult and specimens of which I have not so far seen ; 

Family Palingeniidae . — Anagenesia birmanica Navas, Mem, Accad, 
Nuovi Lined (2), XVI, p. 954, 1932 (Burma). 

Family Polymitarcidae . — Polymitarcys birrnanus Navas, Mem, Pont, 
Accad, Sd, (2), XVII, p. 87, 1933 (Burma). 

Family Ephemeridae . — Ephemera fuhata Navas, Brot^ria Ci, Nat,, 
XXXI, pp. 100-101, 1935. (Lonawla near Khandala, Bombay). 


Repbrenoe to Literature. 

[The following list is supplementary to the bibliography published 

by Chopra in 1927.] 

Chopra, B., 1924. — The Ephemeroptera of Barkuda Island. Rec, Ind, 
Mus, XXVI, pp. 416-418. 

Chopra, B., 1927. — The Indian Ephemeroptera. Rec, hid, Mus, XXIX, 
pp. 91-138, pis. viii-x. 

Hora, S. L., 1929.— Swarming of Ephemeroptera and lunar periodicity. 
J(mm, As, Soc, Bengal, XXIII, pp. 339-341. 

Lestage, J. A., 1927. — Une Ephemera nouvelle du Tonkin et tableau 
des esp^ces de la faune orientalo. Ann, Soc, Ent, France, XCVI, 
pp. 93-100. 

Le>stage, J. A., 1930. — Contribution 4 TEtude des Larves des Ephe- 
meroptcres — Le groupe Potamanthidien. Mem, Soc, Ent, Bel- 
gique, XXIII, pp. 73-146. 

Navas, R. P. L., 1932. — Comraanicaciones Entomologieas, RetK Acad, 
Cienc, Zaragoza, XV, p. 17. 

Navas, R. P. L., 1932. — “ Description of Anagenesia birmanica sp. nov. 
from Burma Mem, Accad, Nuovi Lined (2), XVI, p. 945. 

Navas, R. P. L., 1933. — “ Description of Polymitarcys birmanus sp. nov. 
from Burma ”, Mem, Pont, Accad, Sd, (2), XVII, p. 87. 

Navas, R. P. L., 1936. — “ Description of Ephemera ftUvata sp. nov. 
from Bombay ”. Broteria Ci. Nat. XXXI, pp. 100-101. 

Needham, J. Q., Traver, J. R. and Hsu, Y, C., 1936. — ” The Biology 
of May-flies ” (New York). 

Ulmer, G. 1930 — Key to the genera of Ephemerida. Peking Not. 
Hist, Bull. IV, pp. 1 — 18. 

Ulmer, G., 1932. — Bemerkungen uber die seit 1920 neu aufgestellten 
Gattungen der Ephemeropteren. Stettin. Entomol, Zdtmg, XCIII, 
pp 204-219. , 

Ulmer, G., 1933. — Revised key to the genera of Ephemeroptera. Pdeing 
Nat. Hist. Bull, VII, pp. 196-218, pis. i-ik 




EXPLANATION OF PLATE IV. 

Anagenesia lontona, sp. nov. 

Fio. 1. — Forewing of female : X 4. 

Fig. 2.~ -Hiudwing of female : x 4. 

Fig. 3. — Abdomen of female, dorsal view : x 4, 

Ephemera diffusa Chopra, sp. nov. 

Fig. 4. — Head and protliorax of male, dorsal view ; x 16. 
Fig. 5. — Abdomen of male, dorsal view : x 10. 

Fig. 6. — Genitalia of male, ventral view : x 28, 

Fig. 7. — Penis lobes : x 70. 

Fig. 8. — Forewing of male : x 8. 

Fio. 9. — Hindwing of male : x 8. 




EXPLANATION OF PLATE V. 


Ephemera annandalei Chopra, sp. nov. 

Fig. 1. — Abdomen of male, dorsal view : x 9. 

Fig. 2. — Genitalia of male, ventral view : x 30. 

Fig. 3. — Forewing of male : x 6. 

Fig. 4. — Hindwing of male : x 10. 

Ephemera mpposiia Eaton. 

Fi(i. 5. — Genitalia of male : X 28. 

Fig. 6 . — Forewing of male : x 6 . 

Fig. 7.— Hind wing of male : x 5. 

Ephemera immaculala P]aton. 

Fig. 8. — Head and prothorax of male, dorsal view : x 
Fig. 9. — Genitalia of male, ventral view ; x 46. 

Fig. 10. — Forewing of male : x 8. 

Fig. 11. — Hindwing of male : x 8. 






NOTES ON NEVADNE GLAUCA (ANNANDALE). 

By N. Kesava Panikkar, M. A., D. Sc. 

(From the University Zoological Laboratory, Madras.) 

Introduction. 

In 1915, Annandale (1) described a rare anemone from the Chilka 
Lake as a new species of the genus Gyrostoma belonging to the family 
Actiniidae. The numerous differences between this species, Gyrostoma 
glaumyrti and the other members of the Actiniidae were pointed out 
by Stephenson (6) who in his papers on Actinian classification assigned 
Annandale’s species to a new genus Nevadne, and placed it in the Endo- 
myarian family Myonanthidae, constituted of the genera Myonanthus^ 
Ma^todactyla, Boloceroides and Nevadne. Later investigations by 
Carlgren (2) showed that this family could be dispensed with since 
Myonanthm and probably Macrocaclyla were really Actiniid genera, 
while Boloceroides was in many respects a primitive form requiring a 
separate place in classification. A new sub-tribe, Boloceroidaria, was 
constituted by him for Boloceroides and Bunodeopsis since these genera 
included forms without basilar muscles but at the same time having 
a well developed longitudinal ectodermal musculature on the wall of 
the column and feebly developed retractor muscles on the mesenteries. 
On re-examination of Annandale’s type specimen of Gyrostoma glaucum, 
Carlgren (3) discovered some of the Boloceroidarian features in the 
anemone, like, for (‘xample, the ectodermal longitudinal musculature 
of the body wall. On the basis of this, he provisionally referred the 
genus to the Boloceroidaria, under an independent family, the Nevad- 
neidae. A very peculiar arrangement of tentacles that involves an 
atypical mode of development of the later sets of micromeseuteries 
and tentacles was also reported by Carlgren as a result of his detailed 
examination of a sextant of the oral disc. In view of the peculiarities 
in the tentacular arrangement and of the many gaps in our knowledge 
of Nevadne glauca, a thorough re-investigation of the species is highly 
desirable ; but this would be possible only if the anemone is rediscovered. 
The following observations are based on a single specimen (one of the 
type series) from the Indian Museum, kindly lent me from the collections 
of the late Dr. Annandale. I wish to thank Dr. Baini Prashad for the 
loan of this interesting and rare material and Prof. Gopala Aiyar for 
valuable help and suggestions. 

I have examined one of the specimens labelled ZEV 6825/7. After 
carefully noting the external characters, the anemone was cleared in 
Turpineol, and the arrangement of mesenteries and their relationship 
with the different cycles of tentacles were followed as far as possible 
under the binocular. The anatomy was studied from serial transverse 
sections of the same anemone, stained in Heidenhain’s Haematoxylin 
and Orange G. The preservation of the material being indifferent, 
the histological details could not be followed in detail. 

[ 371 ] 
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External Characters. 

The specimen is vase-shaped and evidently in a state of contraction. 
The measurements are as follows : — 


Total length of tho column 

. 

. 9 mm. 

Diameter of tho basal disc 

. 

. 3 ram. 

Maximum width of the column 

. 

. 6 mm. 

Diameter of the oral disc 

. 

. 4 ram. 

Average length of tentacles — 



(tt) Outer .... 

. 

. 14 mm. 

{b) Inner .... 

. 

. 6 mm. 


The basal disc is distinct and is provided with a distinct minute 
aperture in the centre. Annanclale has described this as a distinct abor/il 
})ore characteristic of the species, but I doubt if this is a constant feature. 
As is frccjuently the case with young Actiniaria and certain Ccriantharia, 
these openings are not permanent structures, but are only punctures 
caus(Ml by sudden contractions. Basilar muscles are definitely absent. 
Insertions of the first and second cycles of mesenteries ari' clearly visible 
on the basal disc. 

The column is broader at the distal part than at the proximal, and 
is narrowest just below the oral disc. The microscopic prominences 
described by Annandale are indistinguishable in the specimen, but the 
nematocysts on the column are arranged in groups as also noticed by 
Carlgren (8). Th(‘ wall of the column is thin, and insertions of the 
mesenteries and their rilationship with the tentacles are easily made 
out through the column of the cleared specimen. Columnar sphincter 
appears to be absent, but 1 have not been able to verify this from longi- 
tudinal sections of the anemone. Carlgren has already noted the pre- 
sence of ectodermal longitudinal musculature on the column. In the 
specimen investigated by me, this muscle layer is absent from the column 
except in the upper region near the oral disc where it is quite distinct ; 
but even liere the musculature is rather feeble in comparison with that 
of other Boloceroidaria, However, these muscle fibres are quite clear 
at the portion of the column adjacent to the outermost row^ of tent- 
acles ; and it must have been this feature that led Carlgren to remark 
that they are rather woW developed at the distal part of the column. 

The Oral Disc is narrow and crowded with tentacles, there being no 
distinct margin. The throat is not open and has three or four faint 
throat ridges discernible on either side of the mouth. 

The tentacles of the specimen examined number 78, which is consi- 
derably lower than the full quota of 144, described by Annandale and 
Carlgren. Among the 78, six are rather very small and obviously belong 
to cycles that have just begun to appear. Among the remaining 72, 
a set of 24 outermost tentacles can easily be distinguished as they are 
the largest in the anemone. The next in size is a set of six tentacles 
situated just adjacent to the mouth and evidently belonging to the 
primary cycle. Another set of six smaller tentacles is observed outside 
them, these being the tentacles of the second cycle. The remaining 
cycles are arranged between the latter and the last cycle of outermost 
t'entacles. Based upon Annandale’s remarks and his own examination 
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of the type specimen, Carigren has found that the tentacular formula 
for the species is 6+ 6+12+ 48+48+24. This fact goes to prove that 
the specimen examined by me is one that has not attained the final 
stage in tentacular arrangement. 



Anatomy of Nemdne glavca (Anriandale). 

a. Part of a transverse section passing through the column of Nnoddne gla^tra, show- 
ing one primary mesentery, one secondary mesentery bewaring gonad, and four tertiary 
mesenteries ( X 300) ; b. Scheme of arrangement of the mesenteries at the (listabmost 
part of the column, showing the 24 jiairs of tertiary mesenteries; c. Scheme of arrange - 
ment of mesenteries on the column, somewhat below the oral disc, where only twelve 
pairs of tertiary mesenteries are visible. The primary mesenteries are shaded a little 
darker than the secondaries, while the tertiaries are reprosemted as very small septa. 

cn. gl. tr. cnidoglandular tract ; ect. ectoderm of the column ; end. e,ndoderm of the 
column ; mes. mesoglca ; ml. primary mesentery ; m2, fertile secondary mesentery ; 
m3, tertiary mesenteries, four of them occurring between adjac'ent pairs of primary 
and secondary mesenteries ; n. nematocysts ; r. retractor ; and t. testes. 


The tentacles are without basal sphincters of the type noted for 
the Boloceroididae. The longitudinal musculature of the tentacles 
and the radial musculature of the oral disc are ectodermal, and are well 
developed. 

Anatomy. 

The actinopharynx extends to about half the length of the column. 
There are two siphono^lyphs with aboral prolongations which are asso- 
ciated with two pairs of directive mesenteries. The musculature of the 
stomodaeum is weak. 
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The arrangement of the mesenteries is indicated in text figures a, 
b and c. There is no sharp distinction into macrocnemes and micro- 
cnemes. In all there are three cycles of mesenteries, consisting of a 
primary and a secondary cycle each with six pairs of septa, and a tertiary 
group of twenty-four mesenteries. Only the first and second cycles 
extend to the aboral extremity of the column, the last cycle of mesen- 
teries being seen only near the oral disc. In each exocoel between one 
primary and secondary pair of septa, four mesenteries belonging to 
the last set arc seen in sections of the upper-most part of the column. 
As pointed out by Carlgren, there is thus a doubling of the youngest 
cycle of mesenteries in this specimen also ; but there is this important 
difference that the doubling of mesenteries occurs in the fourth cycle 
in his specimen, while in the present individual, the doubling is in the 
third cycle. This fact is of considerable importance as it would mean ^ 
tliat the deviation in the development of micro-mesenteries and tent- 
acles commences even with the appearance of the third cycle of mesen- 
teries. The relationships of the different cych‘s of mesenteries with 
the tentacles are as follows : The endocoels of the primary mesenteries 
are in communication with the innermost cycle of tentacles. The second 
cycle of tentacles belongs to the endocoels of the secondary mesenteries. 
The two pairs of mesenteries that lie in each exocoel between the pairs 
of primary and secondary septa are in communication with two endo- 
coelic tentacles which are situated between the outermost group of large 
tcmtacles and those belonging to the inner group of endocoelic tentacles 
composed of the first and second cycles. Between each pair of endo- 
coelic tentacles belonging to the third cycle, a single small exocoelic 
tentacle is seen in most sextants ; in others they are not observed, pro- 
bably not being developed. The largest outermost set of twenty-four 
tentacles is also exocoelic. 

Of the two pairs of mesenteries found in each exocoel between the 
first and second cycles of mesenteries, one pair is always found to be 
younger than the other as could be judged frojn the degree of develop- 
ment of the mesenteries and the extent to which they traverse the length 
of the column. Hence, in sections taken a little below the disc where the 
mesenteries of the first, second, and third cycles are found, only two 
mesenteries are seen between any two pairs of primary and secondary 
mesenteries (text figure c.). As we proceed higher up, the two other 
mesenteries make their appearance, thus making the full complement 
of four (c/. text figures h and c.). Hence, the mesentrial arrangement 
throughout the anemone, except where the last-mentioned younger 
mesenteries are found, is such as to suggest a nonnal condition, involv- 
ing the six primary, six secondary, and twelve tertiaries. A parallel 
condition is also found in Phytocoeteopsis ramunnii described by me 
in a previous paper (4), where the doubling of later sets of micromesen- 
teries and the attendant irregularities in arrangement could be noticed 
only near the oral disc of the anemone, the other regions of the column 
presenting the normal condition. 

The primary mesenteries are provided with fSeble retractors which 
have only a few muscle folds. Parietal muscles are absent. The secon- 
dary mesenteries attain almost the same amount of development as 
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the primaries, but the tertiaries are very weak. Mesenterial filaments 
are found on the mesenteries of the first and second cycles, and are absent 
from those of the third. The ciliated tracts of the filaments appear 
to be very short as only the cnidoglandular tract traverses the major 
portion of the mesenteries. 

Annandale has observed the reproductive organs borne by the mesen- 
teries of the second order as shown clearly by his figure of a section 
passing through an anemone (Figure 1, p. 71). The specimen studied 
by me is a male having well developed testes on some of the mesenteries, 
and containing spermatozoa in numerous chambers (text figure a.). 
The mesenteries belonging to the second cycle are provided with gonads, 
while the last cycle is completely sterile. The same is true of all the 
mesenteries of the first cycle except one which shows traces of gonads. 

So far as could be ascertained from sections, spirocysts appear to 
be absent from the column, while a large number of nematocysts are 
arranged in groups. The capsules are of the usual type and are slightly 
curved. The spirocysts and nematocysts occur in great abundance 
on the tentacles. I am unable to make out the different types of cap- 
sules, but their measurements taken from sections arc given below. 

L. B. (Tn Microns). 

Nematoystfl of the column ..... 12-18x2*5-3*0 

(Majority Capsules). 

Nematocysts of the tentacles — 

(1) 22-26x30 

(2) 14.18X2*0 

Spirocysts of the tentacles 26-28 X 3*0 

Nematocysts of the throat ...... 16-18x2*0 

Nematocysts of the filament ..... 20-22x3*0 

Remarks. 

This re-investigation is in some respects incomplete in as much as 
certain points of structure are left unsettled owing to lack of sufficient 
material. Definite data have, however, been brought forward relating 
to the absence of basilar muscles on the pedal disc, and the structure 
of the column, actinopharynx, and the mesenteries. Of these the first 
feature definitely settles the unmistakable Athenarian character of the 
anemone, which along with the presence of longitudinal ectodermal 
muscles on the body-wall confirms its position in the Boloceroidaria. 
The distribution of the gonads and the presence of siphonoglyphs are 
in comformity with the views expressed in ray paper on Boloceractis 
(6), where I have endeavoured to link up Nevadne to the Boloceroididee, 
through an intervening Boloceractis-stsige, The cardinal feature of the 
genus Nevadne is the doubling of the last set of micromesenteries and 
tentacles, involving an atypical mode of development of later orders 
which, as Carlgren has pointed out, is a marked deviation from what 
is found in all other Actiniaria, A similar peculiarity has also been 
noticed in Phytocoeteopsis (4) ; in both cases, there is reason to believe 
that there is a regular zone of growth where new tentacles appear and 
remain as interpolated structures, disturbing the original arrangement 
which otherwise would be quite normal. A detailed comparison of 

K 
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the conditions in Nevadm and Phytocoeteopsis is being made in anothef 
study dealing with the developnient of the later sets of micromesen- 
teries and tentacles in Phytocodeopsis rammnii. 

The structural differences between the specimen described by Annan- 
dale and by Carlgren, and that which I have examined, are worthy 
of note since they seem to point to a reasonable doubt as to whether 
the present individual is conspecific with Nevadm glauca, in spite of 
its being labelled by Annandale as Gyrostoma glaumm. There is agree- 
ment between the two in all the main features excepting the absence 
of the 4th cycle of mesenteries and the presence of gonad in one of the 
primary mesenteries in my example; The cycle of mesenteries that has 
undergone doubling in this instance is the 3rd, while in the type speci- 
men this occurs in the 4th cycle consisting of 48 septa. Do these cha- 
racters necessitate the formation of a separate species for this anemone ? 
The last mentioned character is of much significance and would easily 
have marked off the anemone as belonging to a different species but for 
the fact the specimen does not seem to have reached its final stage of 
growth as judged by the nature of the mesenteries and tentacles. Fur- 
ther, the sizes of cnidae from different regions of this specimen are found 
to be in close agreement with those given by Carlgren. In view of these 
facts, I have described it as Nevadne glauca. The anemone is certainly 
a member of the genus Nevadne, but whether it is merely a develop- 
mental stage of Nevadne glauca or an almost adult stage of another 
closely related species cannot finally be settled until other specimens 
are investigated and the problem of the order of succession of later septa 
in the genus is subjected to a closer scrutiny. 
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FURTHER NOTES ON CRUSTACEA DECAPODA IN THE INDIAN 

MUSEUM. 


IX. On Three Collections op Crabs prom Tavoy and Meroui 
Archipelago. 

By B. Chopra, D.Sc,, F.NJ,, Assistant Superintendent, nrul K. N. Das, 
M.Sc., Assistant, Zoological Survey of hidia, Calcutta, 


(Plate VI.) 

The present report deals with three collections of crabs, two made 
by Prof. F. J. Meggitt of the University College, Rangoon, mostly at 
Maungmagan on the T^tvoy Coast of Burma and the third by Drs. B. 
Prashad and B. N. Chopra of the Zoological Survey of India in the Mergui 
Archipelago. In the first collection of Prof. Moggitt, made in October 
1933, there are also some specimens labelled “ Mergui ” ; these were 
presumably collected in the neighbourhood of the town of Mergui. 
The second collection of Prof. Meggitt was made entirely at Maungmagan 
in October 1935, while the Mergui collection of Drs. Prashad and Chopra 
was made in January this year. 

Maungmagan is a small village on the Tavoy Coast in Lower Burma, 
north-west of the town of Tavoy (14° 15' N., 97° 50'E.), and is, on account 
of its fine sandy beach, a popular sea-bathing resort. A sketch-map of 
the sea coast at Maungmagan, supplied by Prof. Meggitt, showing the 
exact location of the rock pools, sandy pools, etc., has already been pub- 
lished by Hora and Mukerji- with their account of the fishes of Prof, 
Meggitt’s collection. ^ 

The collection from the Mergui Archipelago is chiefly from the group 
of small islands on the south-west and west of King Island, mostly 
between it and the large, more or less unsurveyed, Doung Island (or 
Ross Island, as it is also called). For the most part the collection was 
made from submerged coral reefs, but several specimens were collected 
on the beach at low tide also. 

A list of the species found in all the three collections is given below 
and the species found in each collection are separately indicated. The 
species collected either only at Mergui or both at Mergui and Maung- 
magan and included in Prof. Meggitt's first collection are marked “ M”. 
An asterisk before the name of a species indicates that this was not repre- 
sented in Dr. J. Anderson’s collection from the Mergui Archipelago 
{vide infra p. 380). 


^ Son and Makerji, Rec. Ind, Mw, XXXVm, p. 16 (1936). 
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I! 

I 




•■sa 




(3 


Oxyfltomata. 

Calappidae. 

Calappinae. 

*Calappa hepatica (Linn.) 

Matutinae. 

*Matuta lunaria (Forflkftl) 

*Matuta planipea Fabrioius 

Leuooiidao. 

LeuGoisiinae. 

*Heteronucia mesanenaia Rathbun 
Philyra acabriuacula (Fabrioius) 

Brachygnatha. 

Oxjrrhyncha. 

Maiidae. 

Piainae. 

Hyaatenua hilgendorfi de Man 
Hyaaienua 

. Maiinae. 

Schizophrya aaper (M.-Edw.) 

Parthenopidae. 

Parthenopinae. 

*Oethra acnipoaa (Linn.) ... 


+M — 

+M + 

— -f 


“f 




— — -f 

+M ~ + 

+M — — 


Brachyrhyiioha. 

Portunidae. 

Caroininao. 

*Carcinua maenaa (Linn.)... 


Lupinae. 

*Scylla aerrata (Forskftl) ... 

*Neptunua (Neptunua) aanguinoUntua (Herbst) 
Charyhdia {Oonioaoma) cruciata (Herbst V . 
*Ch.%ryhdi8 {Oonioaoma) lucifera (Fabrioius) 
'^Charyhdia {Oonioaoma) annukUa (Fabrioius) 
Charyhdia {Oonioaoma) merguienaia (de Man) 
*Charybdia {Oonioaoma) 7 caMianaaaa (Herbst) 
Thalamita prymna (Herbst) 


+ 


-fM 4- 

— + 

— -f 

+M - 

— + 

+ + 

4 - — 

— + 


XantbiJjie. 

Xanthinae. 


*Carpilodea margaritatua A. M.-Edw. 

... — . 



-f 

Atergatia irUegerrimua (Lamarok) 

-fM 




*XanMo negUctna Balsa 

■fM 

-f 


Ltptodiua exaraina (M.-Edw.) 

-f 

-f 

-f 

Lapiodiua cavipea (Dana) 

... -f 



Aotaeinae. 

A c/oea areo^oto Dana ... 

... 

— 

-f 

*Aetaaa calculoaa (M.-Edw.) 

... — 

— 

-f 

Chlorodinae. 

Chhrodiella niger (Forsk&i) 

... — 


-f 

*Cymo melanodactylua de Haan 

... — 

— 


Menippinae. 

Menippe rumphit (Fabnoius) 

... -f 

-f 


Myomenippe hardwickii (Gray) 







Ozinae. 

Kpixanthus frontalis (M.-Edw.) ... ... — — -f 

Pilumninae. 

Pilumnua lorigicoirnis 'R\]gGn(iovi ... ... -f 

* Pilurnnua hir»iUu8 ... ... — — -j- 

Actumnus elejgana de Man. ... ... — — -j- 

Eriphinae. 

Trapezia cymod.oce {TAoxh^i) ... ... — — -f- 

*Trapczia ferruginea, var. areohiia Dana ... — — -j- 

*TetraIia glaberrima (Kcrhst) ... ... — — -j- 

Gonoplacidae. 

Pscudorhom bil inae. 


*L itocheira angustifrons Alcock 

— 

— 


Potamonidae. 

Potamoninae. 

*Potamon {Acanthotelphuaa) dayanum (VV.-M.) ... 

+ 


— 

Potamon sp. ... ... ... .., 


— 

— 

Gecarcinucinae. * 

Paratelphvaa (Phricotelphusa) callianaria (de Man) 

— 

— 

+ 

Ocypodidae. 

Ocypodinae. 

Ocypoda ceratophthalma (Pallas) 

— 

+ 


*Or,ypoda macrocera M.-Edw. 


+ 

— 

Ocypoda cordimana Desmarest 

— - 


— 

Gelaaimus triangularis A. M.-Edw. ... 

— 


+ 

^Gelasimus marionis (Desmarest) 

— 

— 

-f 

Gelaaimus manii (Rathbun) 


— 


Scopimerinae. 

Dotilla intermexlia ^gi,n 


— 

— 

Macrophthalminae. 

• Macrophthalmua tdescopicus ( Owen) 

— 

— 


* Macrophthalmua convexua Stimpson ... 

"b 

— 

— 

Macrophthalmua erato Ae Man 

— 

— 

+ 


Qrapsidae. 

Grapsinae. 


Qrapaua atrigosua (Herbst) 


-b 


Varuninae. 

*Varuna litterata (Fabriciue) 


— 

— 

Sesarminae. 

Seaarma (Sesarma) taeniolata White... 

4- 

— 

— 

^ *8eaarma {Paraseaarma) praahadi, sp. nov. 

. — 

— 

-f 

Seaarma {Chiromantea) bidena (de Haan) 


— 

-h 

Cliatocoeloma merguienat de Man 

— 

— 

+ 

Metaplax dentipea (KeWet) 


- 



It will be seen from this list that of the total number of 57 species in 
all the three collections there are 26 in the first collection (of which 8 are 
from Mergui), 16 in the second and 30 in the third. These 67 species 

hi 
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belong to 10 families and are distributed in the three collections as 
shown below : — 


Family. 


Number of species 

in 

Total. 


each collection. 





I 

II 

III 


Calappidac ... 


2 

2 

. . 

3 

LeucoHiidae 


1 

. . 

1 

2 

Maiidae 


1 

. . 

3 

3 

Parthenopidae 


1 

. . 

. . 

1 

Portunidae ... 


6 

6 

. . 

9 

Xantbidao ... 


6 

3 

14 

18 

Gonoplaoidae 


... 

. . 

1 

1 

Potamonidao 


2 

. . 

1 

3 

Ooypodidae 


4 

3 

5 

10 

Grapsidae ... 


5 

1 

6 

7 



Total . 26 

16 

30 

67 


Of the 57 species dealt with by us there are only eight that occur both 
on the Tavoy Coast and in the Mergui Archipelago ; these are listed 
below. The apparent difference in the composition of the crab-fauna 
of these two, more or less adjacent areas can perhaps be easily explained 
by the fact that the collections in tlie two localities were made in different 
types of habitats. At JJaungmagan Prof. Meggitt obtained most of his 
material from pools near shore, from under rocks near shore, or from the 
sandy beach ; this would no doubt account for large numbers, at least 
of individuals, if not of species, of Portunids, Oxystomes, Grapsids, etc., 
being collected. The collections from the Mergui Archipelago, on the 
other hand, were made, to a large extent, in coral reefs where certain 
types of Xanthids are abundant. 

List of species found both at Maungmagan and Mergui, 

Calappidao. 

Matuta lunaris (Forsk&l). 

Portunidae. 

8eyUa eerrata (Forskftl). 

Xanthidae. 

Xantho neglectua Balss. 

Leptodiua exaratua (M.-Edw.) 

Ooypodidae. 

Oelaaimua manii (Rathbun). 

Grapsidae. 

Orapaua atrigoaua (Herbst). 

Seaarma hidena (de Haan). 

Metaplax derUipea (Heller). 

The Decapod fauna of the Mergui Archipelago is already very well 
known, for, besides the work of earlier naturalists, de Man’s monograph 
on^ the Decapods of this area, based on the very extensive collections 
of Dr. J. Anderson, the first Superintendent of the Indian Museum, 
is a very comprehensive and masterly treatise on the subject. 

^ Man, Jovm, Linn, Soc, London (Zod,) XXII, ]>p. 1-312, pis. i-ziz (18S7, 1888). 
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Dr. Anderson’s collections were so extensive that in crabs alone de 
Man found as many as 115 species, compared with the 57 that we have 
'before us. Another proof of the extensiveness of Dr. Anderson’s 
collection is the fact that out of our 57 species only one is described 
as new. The species that were not represented in the collection that 
de Man examined, but are present in our collection are indicated in the 
list on pp. 378, 379 by an asterisk. Most of these species have been 
collected in the Mergui Archipelago or from closely adjoining areas 
since de Man’s time, but so far as we have been able to ascertain 
the following five species are being recorded from this area for the first 
time : — 

Leucosiidae. 

Heteronucia mesanensis Kathbun. 

Portunidae. 

Carcinua maenaa (Linn.). 

Xanthidae. 

Carpilodea margarilatua A. M.-Edw. 

Gonoplaoidae. 

Litocheira anguatifrona Alcock. 

Grapsidae. 

Seaarnia {Paraaeaarma) praakadi, sp. nov. 

The occurrence of these species in the Mergui Archipelago does not 
call for any special comments, for most of them liave also been collected 
from other parts of the Indo-Pacific region. The case of Carcinus 
maenas, however, deserves special consideration. Alcock^ described 
the distribution of this crab as : “ The species has been found at various 
places on the Atlantic Coast of the Northern United States and off the 
coast of Pernambuco (Brazil) : it is the common shore-crab of the 
British Islands, and occurs in the North Sea almost u]) to the Arctic 
limits, in the Baltic., and on the Atlantic coasts of th(‘. European conti- 
nent : it is common in all parts of the Mediterranean, and has been 
found ill the Black Sea and tli<5 lied Sea : it is an Indian spech's, though 
evidently a very rare one, and has been reported from the Hawaiian 
Islands, from the Bay of Panama, and— though there is doubt about 
this locality — from Australia.” In the Indian waters the species has 
been recorded from Ceylon only. Some of the records ol this cosmo- 
politan species from the Indo-Pacific region have be(ui doubted by some 
carcinologists ; its occurrence on the Tavoy coast definitely (establishes 
the species as an inhabitant of at least the eastern part of this area. 
Hora and Mukerji^ have recently recorded from Tavoy some specues of 
fishes that were so far supposed to live in the European Atlantic only ; 
the distribution of Carcinus maenas, as indeed of a large number of other 
species of marine animals enumerated by Alcock,^ suggests that the 
occurrence of some Atlantic fishes in the Indian waters is not so very 
singular as has been supposed by some Zoologists. 

In working out the present collections several interesting points 
concerning either the taxonomy of certain species or their distribution, 


^ Alcook, Joum .As, 8oc, Bengal LX VIII, p. 14, (1899). 

• Hora and Mukerji, Bee, Ind. Mua, XXXVIII, pp. 15-39 (1936). 

Moook, Inveatigaior Deep-Sm Madreporaria, OalcuUa {1898); Inveatvjaiof Deep* 
8eu Brachywcb, CalcuUa (1899), 
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etc., have arisen ; these are dealt with in their appropriate places in the 
following pages, and need not be referred to here. In the classification 
and arrangement of species we have closely followed Alcock’s system as 
given in his masterly treatment of the Indian crabs in the series of 
papers entitled “ Materials for a Carcinological Fauna of India ” and 
published in the Journal of the Asiatic Society of Bengal between 1895 and 
1900. In the Xanthidae Dr. Heinrich Balss and some other carcinologists 
have considerably altered Alcock’s classification, but for the present at 
least we have preferred to follow Alcock’s arrangement of subfamilies, 
etc. We have not given anything like complete synonymies of species, 
but have given a reference to Alcock’s work and in some cases a few 
later important references only. 

We have paid special attention to a study of the abdominal appendages 
of the male as these structures sometimes afford good characters for 
distinguishing males of closely allied species, and for this reason we have 
given figures of these appendages in a large number of species dealt with 
by us. 

The illustrations accompanying this paper have been prepared, 
under our supervision, by Babu D. N. Bagchi and Babu Subodh Mondul, 
two of the talented artists attached to the Zoological Survey of India ; 
both ot them arc jointly responsible for the text-figures, while the photo- 
graphs are the work of Babu Subodh Mondul alone. We are very thankful 
to them for the skill and accuracy with which they have done the work. 
We would also like to express our special indebtedness to Dr. Baini 
Prashad, Director, Zoological Survey of India, for constant help and 
valuable suggestions received throughout the course of our work and 
for going through the manuscript with us. And lastly we have to 
express our thanks to Prof. F. J. Meggitt for giving us the opportunity 
to study his valuable collections. 


Tribe OXYSTOMATA. 

Family Calappidab. 

Subfamily Calappinae, 

Calappa hepatica (Linn.). 

1896. Cdluppa hepaticat Aloock, Journ, As, Soc, Bengal LXV, pp. 142-144. 

1918. Calappa hepatica, Ihlo, Siboga Exped, Rep, XXXIX6*, pp. 183, 184. 

1922. Calappa hepatica, Balss, Arch, Naturgesch, LXXXVIll, p. 123. 

1936. CcUappa hepatica, Sakai, Sci, Rep, Tokyo Bunrika Daigaku (B) 11, No. 37, 
p. 167. 

One young specimen referable to the present species is in Prof. 
Meggitt’s first collection from Mergui. The specimen is typical in every 
respect. 

Calappa hepatica has a very wide range of distribution. Ihle 
gives its range as the Bed Sea and the East African Coast to Japan, 
Australia and Sandwich Islands. In the Indian Museum there are 
numerous specimens both from the Bay of Bengal and l^e Arabian Sea. 
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Subfamily Matutinae. 

Matuta lunaris (Forskal). 

1896. Matuta victor , Aloook, Journ. As, Soc. Bengal LXV, pp. 160, 161. 

1933. Matuta lunaris, Chopra, Rec. Ind. Mus. XXXV, pp. 31, 32. 

Therp is a large number of specimens of the present species in the 
two collections of Prof. Meggitt. Only one of these specimens is from 
Mergui, while all the rest are from Maimgmagan ; of the latter some 
were collected from rock pools near shore, some from fisher-boat 
nets, and the others at Cat's Eye Rocks. The specimens are for the 
most part t)rpical. 

Two of the most important characters mentioned by Alcock for the 
separation of this species from the closely allied M. planipes (==M. 
lunaris of Alcock) are the presence in large males, of a spine at the angle 
where the hand comes in contact with the distal lobule of the arm and 
the presence, in females and young males, of two enlarged spines (count- 
ing from the proximal end, the second and the fourth) on the median 
longitudinal ridge on the outer surface of the hand. In M. planipes 
the spine at the angle of the hand is replaced by a tubercle, and the 
fourth lobe of the median longitudinal ridge of the hand is never enlarg- 
ed into a spine. In all the specimens that we have examined in the 
present collection the spine near the junction of the arm is well develop- 
ed ; the fourth spine on the median longitudinal ridge is present in all 
the females and in most of the very young males ; while in all medium- 
sized and large males this spine is invariably missing. 

In addition to the characters mentioned by Alcock, the males of 
the two species can be generally recognised by the shape of the abdomen. 



a. 

Text Fra. 1.-— Terminal part of 
6. M.plarUpt&ix 3J. 





male abdomen of a, M, lunaris i X ca, Z 


The abdomen in the males of MaMa consists of five pieces only, seg- 
ments 3-6 being completely fused. In M. lunaris the length of the 
composite segment 3-5 is always greater than its breadth at the base, 
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and the terminal segment is always considerably longer than its posterior 
breadth. In M, planipes, on the other hand, the length of the composite 
segment is at most equal to, but generally less than, its breadth at the 
base and the last segment is almost as long as, or only slightly longer 
than, its posterior breadth. The sixth segment is also proportionately 
longer in M. lunaris than in M, planipes. These points are brqught out 
clearly in text-figure 1 and the table of measurements. 

M, lunaria. M, planipea^ 


Posterior breadth of oomposite segment 3-5 

9-5 

90 

Median length of composite segment 3-5 

... 10-8 

90 

Posterior breadth of segment 6 

4-2 

4-2 

Median length of segment 6 

60 

4-4 

Posterior breadth of segment 7 

2*7 

2-7 . 

Median length of segment 7 

4-0 

• 2-9 

The colour pattern of the species, mentioned by Alcock, 

is clearly 


seen only in some specimens. 

Matuta lunaris has a very wide range of distribution having been 
recorded from several localities from Polynesia in the east to as far as 
the Red Sea and the Cape region on the west. In India it ha^ been 
collected both in the Bay of Bengal and the Arabian Sea. 

Matuta planipes Fabricius. 

1896. Matuta lunaria^ Akock, Journ, Aa. Soc. Bengal LXV, pp. 161, 162. 

1933. Matuta planipes, Chopra, iiec. Ind, Mua, XXXV, p. 32. 

1936. Matuta Jlagra, Shon, Chinese Journ. Zool, II, pp. 04*66. 

The species is represented in the present collection by five examples, 
two females and three young males, obtained by Prof. Moggitt from 
fisher-boat nets at Maungmagan. 

Alcock has described a distinctive colour pattern in this species, 
which can sometimes be seen in very old speciinens also. In the present 
collection this colour pattern is tiistinctly sexm in one female example 
only ; in the second female and the three males there is practically no 
colour pattern at all. 

The male specimens are for the most part without claws, but in the 
claws that are present the typical planipes characters can be seen— -at 
the angle near the arm there is only a somewhat low tubercle, and not 
a spine, as in the preceding species, and there is only one enlarged spine, 
the second from the proximal end, on the median longitudinal ridge on 
the outer surface of the hand. One of the females, with the distinct 
planipes colouration, also shows these characters clearly, but the second 
female has the typical planipes claw only on one side ; in the other claw 
there is a sharp tubercle on the hand near its junction with the arm, 
and the fourth tubercle on the median ridge is also spiniform. This 
seems to be a rare abnormality, for a condition like this is not present in 
any of the large number of specimens of this species in the Indian Museum 
collection. 

The species recently described by Shen under the name of M, jlagra 
seems to be based on young specimens of the present species. The 
characters of the hand mentioned by him agree almost exactly with 
those of young examples of M, planipes that we have eicamlned. Shen 
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has also mentioned that the epibranchial spines in his species are direct- 
ed straight outwards, instead of curving forwards as in M. lunatis 
(*=M. victor of Alcock). We have examined a largo number of speci- 
mens of both the allied species, M. lunaris and M. planipes and find 
that this character is far from constant. The spines are sometimes 
curved forwards, sometimes they point straight outwards, while in 
some cases they are directed distinctly backwards even. The smooth- 
ness of the outer surface of the movable finger of the hand is, as pointed 
out by Alcock for his M. victor, a character of the young ; this 
is equally applicable to the young of the present species also. The 
colour pattern of the species, as already pointed out, is variable. From 
all these considerations we are of the opinion that Shen’s M. flagra 
cannot be maintained as a distinct species, but must be sunk in the 
synonymy of M. planipes Fabricius. 

Like the preceding species, M, planipes has a very wide range of 
distribution, having been met with from North-West of Australia in 
the east to the Cape of Good Hope in the west. 

Family Leucosiidae. 

Subfamily IjEuoosiinae. 

Heteronucia mesanensis Rathbun. 

(Plate VI, fig. 1). 

1910. Heteronucia mesanensis, Uathbun, Skrift. K> Dansk. Vidensk, Selsk» 
Oopenhujjen (7) V, pp. 306, 307. 

1918. Heteronucia mesanensis, Ihlo, Hiboga Exped, Rep, XXXIX6*, p. 309 
(reference only). 

One small female specimen from Mergui is referred to Miss Rathbuii’s 
species with soine hesitation. In a general way our specimen agrees 
closely with the brief description published by Miss Rathbun, but in 
view of some important differences between the two, as pointed out 
below, we have thought it worth while giving a full description of our 
specimen. 

The carapace (l^late VI, fig. 1) is subcircular in outline, it is 
strongly convex and its surface is markedly uneven on account of the 
prominent convexities of the different regions. The entire surface of the 
carapace, chelipeds and legs is covered with vesiculous granules closely 
studded together. The regions of the carapace are clearly demarcated 
by convexities, separated from one another by broad shallow grooves. 
The narrow triangular area embracing the mesogastric and the anterior 
part of the cardiac regions, mentioned by Miss Rathbun, is clearly seen, 
but is bordered by only shallow grooves. The convexities of the gastric, 
cardiac and branchial regions are very distinct, there being two on the 
last-named region, the anterior of which is the larger of the two. There 
is only an inconspicuous, low tubercle on each hepatic region. 

The carapace is distinctly broader than long and its lateral margins 
are slightly expanded. The front is broad and a narrow fissure in the 
middle makes it bilobed ; the margin of each lobe is truncate or even 
slightly rounded. The pterygostomian regions are puffed out, but their 
anterior margin, which is almost transverse, is on a level with the eye, 
and when viewed from above does not extend beyond or even up to the 
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front. The tips of the external maxillipeds are just visible beyond the 
front in a dorsal view. The antero-lateral margins are divided into two 
subequal lobes by a rather broad and shallow notch. The postero- 
lateral margins are spinate, the granules near the lateral margins on 
the convexities of the branchial regions being sharply pointed and taking 
the form of short spines. The spines decrease in size distally, but 
extend almost up to the posterior margin of the carapace in the shape 
of sharply-pointed tubercles. The posterior margin of the carapace is 
on a lower level than the rest of the surface, and is somewhat convex 
posteriorly. 

The orbits are shallow and do not conceal the rather large eye, even 
when fully retracted. Except for a narrow fissure the lower border 
of the orbit is practically complete, on account of the fusion of the basal 
antennal joint with it. The antennal flagellum has not been seen * 
it is either altogether missing or is very extremely reduced. 

There is a rcmiarkably broad space between the lower orbital border 
and the free edge of the buccal cavern. The maxillipeds completely 
close the buccal cavity, wiiich is triangular in shape. Each maxilliped 
is strongly bent about its middle, so that the merus is nearly at right 
angle* to ischium. Measurt*d along the inner border the merus is only 
slightly more than lialf the length of the ischium. The exognath is 
(juite stout, being only a little narrower than the endognath, and is 
straight along the. outer edge. 

Tlie chelipeds are consid(‘rably stouter and longer than the walking 
legs and are densely cover'd with vesiculous granules. The arm is sub- 
cylinderical and is only slightly broader distally than at the proximal 



Text Fio. 2. — Heieronveia mesanensis Rathbmi. 
a. Oheliped of female, outer view : x ca. 9 . 6. Abdomen of female : X ca. 8. 

end. The wrist is globular. The palm is massive and swollen, the 
greatest diameter being about the middle, and the granules near its 
xnargina axe sharp and pointed. The fingers are arched and taper 
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towards their tips, the immobile finger being distinctly more massive 
than the dactylus. The latter opens m a vertical pbine. The fingers 
are shorter than the palm, their cutting edges are finely and evenly 
denticulated and they are hollowed and concave on the inner side. 
There is no gap left when the fingers meet. The tips arc pointed and 
are apposed when the fingers moot. The fingers are also minutely 
granular and elegantly grooved. The lower border of the distal part 
of the palm and the proximal part of the fixed finger is concave. 

The basal part of the walking legs is only slightly comumled beneath 
the lateral expansions of the carapace. The legs are also thickly covered 
with granules and even the dactyli are minutely granular. The merus 
is cylindrical, the carpus is nodular and the lanceolate dactylus is 
almost as long as the propodus. The granules on the margins of the 
different segments are sharp. The dactyli (mcl in corneous tips. 

The abdomen of the female (text-fig. 2 h) is large and oval and 
occupies practically the entire spare between tlie legs. Tiie exposed 
surface is covered with flattened granules. The two basal segments are 
short, the next four are completely fused and form a large broad plate. 
The seventh segment is a small, more or less, pear-shaped structure, 
somewhat deeply sunk in the distal margin of the pn'ceding segment; 
its tip is rounded and reaches almost to tho. posterior emd of the buccal 
cavern. 

The specimen in spirit is of a pale-whitish colour, with an indistiii(;t 
diffusion of light brownish tint on the carapace and a few small pale- 
orange spots on the ventral surface. There is a small triangular patch 
of a light brownish colour on the mesogastric region of the carapace. 

The measurements of the specimen in millimetres (taken under a 
microscope) are given below. 


Length of carapace 


3-75 

Breadth of carapace 


4-50 

Froto-orbital border 


1-91 

Length of upper border of palm 


1-33 

Length of dactylus 


M7 


The specimen is registered in the collection of the Zoological Survey of 
India under the number C228‘3/l. It was collected by Drs. B. Prashad 
and B. N. Chopra from amongst corals in a submerged reef near shore, 
off Palaiow on the east coast of Doung Island in the Mergui Archipelago 
on 20th January, 1937. Miss Rathbun based the species on two 
female specimens collected between two islands in the Gulf of Siam at 
depths of 15 and 30 fathoms. As at present known the species seems 
to have a very restricted distribution. 

Though the present specimen agrees very closely with Miss Rath- 
bun’s description of Heteronucia rnesanensis in a large number of 
characters, there are some important differences between the two. 
The fronto-orbital border of the carapace is stated to be about half the 
carapace width in the Siam specimen, whereas in our example it is only 
about two-fifths of the breadth of the carapace. The frontal margin is 
faintly bidentate in Miss Rathbun’s species ; in the Mergui example 
this margin is obscurely bilobed by a narrow median fissure, the borders 
of each lobe being somewhat rounded. The hand in our example also 
differs materially from Miss Rathbun’s description. The palm is thickest 
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about the middle and not at the proximal end, the fingers are shorter 
than the upper border of the palm and the dactylus is distinctly less 
massive than the immobile finger. The points of similarity between our 
specimen and Miss Rathbun’s species are, however, so striking that it 
must, at least for the present, be referred to this species. 

Heteronuda as defined by Alcock^ is characterised, among other 
features, by having fingers longer than the palm, and this character 
is clearly seen in his figure, as also in the type-specimen of H, vesiculosa 
preserved in the Indian Museum. In //. venusta Nobili also, as originally 
described and figured by Nobili,^ the fingers are slightly longer than the 
palm.® Besides, both these species have a peculiar type of front. In 
H. mesanensisy on the other hand, the fingers, according to Miss Rathbun, 
are not longer than the palm, though in lier figure the palm actually 
appears to be somewhat longer than the fingers. In our specimen also' 
the fingers are shorter than the palm. The front also in Miss Rathbun’s 
species, or at least in the specimen that we are referring to it, has not the 
characteristic Heteronuda shape. It seems quite possible, therefore, 
that H, unasanensis Rathbun, or at least the Mergui specimen that we 
have provisionally referred to this species, may have to be accommodated 
in a new genus. 

Philyra scabriuscula (Fabricius). 

1896. Philyra scabriuscula^ Alcock, Jotirn, As. Soc. Bengal LXV, pp. 239, 240. 

There are two male specimens from Maungmagan that we have 
refetred to the presemt spe(des. They boar the label “ crabs on beach, 
sluggish : Maungmagan, 1933 The specimens agree with typical 
examples in the Museum collection. The dull brown and greenish 
mottling of the carapace, mcjitioned by Alcock, is not, however, visible. 

The species has a very wide range of distribution. According to 
Ihle’ it is met with from Ainboina to the Red vSea and East Coast of 
Africa. In the Indian Museum there are numerous specimens from Tavoy 
to the Persian Gulf. 


Tribe BRAOHYGNATHA. 

Subtribe OXYRHYNCHA. 

Family Maiidae. 

Subfamily F is in At: , 

Hyastenus hilgendorfi de Man. 

1895. Hyastenus hilgendorfi^ Alcock, Joum. As. 3oc. Bengal LXIV, pp. 209. 

210 . 

The species is represented in the present collection by seven specimens 
collected in the Mergui Archipelago. Three of these are males, three 


^ Aloook, Joum. As. 8oc. Bengal LXV, p. 177 (1896). 

» Nobili, BuU, Mus. Hist. Nat. Paris XTI, p. 261 (1906) ; Mem. Acad. Sci. Torino 
(2) LVn, pp. 379, 380, pi. i, Eg. 14 (1907). 

* Ihle in SU>o;a Exped. Rep. XXXIX6*, p. 320 (1918) states that the upper border 
of the palm in U, venusta is almost as long as the upper border of the daotylus, but in 
his figure (text-fig. 123, p. 219) the fingers are seen to bo slightly longer than the upper 
border of the palm. 

* Ihle, Siboga Exped. Rep. XXX1X6>, p. 275 (1918). 
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ovigerous females and one young female. The largest male has a total 
length (carapace and rostrum) of over 26 mm., while the smallest 
ovigerous female is only 16 mm. in total length. 

All the specimens agree very closely with de Man’s ^ and Alcock’s 
detailed and accurate descriptions of the species, as also with named 
specimens, including de Man’s types from Mergui, in the Indian Museum 
collection. In the large male example, however, the spines are a little 
shorter than in the type-specimens and the fingers also gape, perhaps, 
a little more near the base. The proportions of the different parts of 
the hand arc also very slightly different. As pointed out by Laurie^ 
the rostral spines are longer and diverge distally more in the males than 
in the females. The measurements, in millimetres, of the largest male 
example in our collection are given below. 


Total length of carapace and rostrum 


26-2 

Length of carapace 


16-8 

Distance between external orbital angles 


6-6 

Distance between internal orbital angles 


4-6 

Breadth of carapace 


13*2 

Length of cheliped 


33-5 

Length of hand and fingers 


14-5 

Median length of palm ... 


10-0 

I^.ngth of fingers 


5-0 

Height of palm 


4-2 

Length of first walking leg 


38-0 


The present specimens are registered as under : — 

C2284/1. From corals in a submerged reef near Drs. B. Prashad and 4 $$ 

shore off Palaiow, on the oast coast B. N. Chopra, 20th (3 ovig.). 
of Doung Island, Mergui Archi- ^ Jan., 19.37. 

pelago. 

The species is represented in the Indian Museum collection by examples 
from the Straits of Malacca, Mergui, Nicobar Islands, the Ganjam coast 
and from Ceylon. 

For reasons given by one of us in an earlier paper* we have retained 
the name of Hyastenus White in preference to Halimus Latrielle. 

Hyastenus sp. 

There is one young male specimen in Drs. Prashad and Chopra’s 
collection from the Mergui Archipelago that we are unable to put in any 
of the known species of Hyastenus with any degree of certainty. The 
carapace is practically smooth. The gastric and the intestinal tubercles 
are hardly developed, while the epibranchial and the sub -hepatic tubercles 
are fully formed. The rostral spines are a little more than half the len^h 
of the carapace and are distinctly divergent. The dactyli of the walking 
legs are strongly toothed. 

The specimen was collected from a submerged reef off Cantor Island 
in the Mergui Archipelago on 19th January, 1937. 


^ de Men, Joum. Linn^ Soc, London (Zool,) XXII, pp. 14-19, pi. i, figs. 3, 4 (1887). 

• Laurie, Ceylon Pearl Oyster Pish. Rep. V, p. 376, (1906). 

* Phopra, Rec, Ind. Mus. XXXVII, p. 467, (1936).5; 
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Subfamily M Alls AS. 

Sdiizoplurys asper (M.-Edwards). 

1896. Schizophrys asper, Aloock, Journ. As. Soc. Bengal LXIV, pp, 243, 
244 ; 111, Zool. Investigator, Crust,, pi. xxxv, fij?. 1 (1899). 

1924. Schizophrys asper. Balsa, Arch, Naturgesch, XC, Heft 6, p. 36. 

There are three specimens of S, asper from Mergui in the collection. 
Two of these, a large male and a young female, are from Prof. Meggitt’s 
first collection and are labelled only Mergui,” while the third, a small 
male, was collected by Drs. Prashad and Chopra from amongst corals 
in a submerged reef at Palaiow on the east coast of Doung Island in the 
Mergui Archipelago on January 20th, 19^^7. The large male from Prof. 
Meggitt’s collection has a carapace length of 42*5 mm., while the smaller 
male from Doung Island is only 10 mm. long. The measurements of the 
larger male are given below in millimetres. 

Length of carapace ... ... ... ... 42*6 

Length of carapace and rostrum ... ... ... 60-0 

Maximum breadth of carapace (excluding spines) ... 36-0 

Length of chclepeds ... ... ... ... 74-0 

Length of palm (including fixed finger) along lower border . 35*0 

Median length of palm ... ... ... ... 23*0 

Height of palm ... ... ... ... 12*0 

Length of dactylus ... ... ... ... 16*6 

Length of Ist walking leg ... ... ... 67*0 

In large male examples the fingers arc considerably more than half 
the length of tlie palm, and meet only at the tips, which, along with a 
distal part of the fingers, are channelled. In the female the chelipeds are 
distinctly thinner and shorter than the legs, the fingers are hardly 
channelled and meet throughout. 

The female specimen has entangled between the legs strings of eggs 
of some sort arranged like bunches of grapes. The eggs are too young 
to be identified, only yolk granules being visible through the semi- 
transparent shell. 

Schizophrys asper is quite a common species in the Indian coastal 
waters, there being specimens of it from several localities both from the 
Bay of Bengal and the Arabian Sea. Balss gives the distribution of the 
species as : “ Im warmen Indopacific Von der Ostkiiste Afrikas u. 
dem roten Meere bis Neu-Caledonien, Samoa u. Funafuti.” 

Family Parthenopidae. 

Subfamily PABTlimovJNAE. 

Oethra scruposa (Linn.). 

1895. Oethra scruposa, Aloook, Journ, As, Soc. Bengal LXIV, pp. 286, 286. 
1930. Oethra scruposa, Elipse, Siboga ExpeJ, Rep, XXXIXe*, p. 89. 

One male specimen of this apparently somewhat uncommon species is 
in the present collection. It agrees closely with named examples in the 
Museum collection, as also with Alcock’s description of it. The speci- 
men is labelled “ Mergui ” and is from Prof. Meggitt’s first collection. 

There are only two examples of this species in the collection of the 
Indian Museum, a male from the Andamans and a female from Ceylon. 
The species has a fairly wide range over the Indo-Pacific area, being 
known from the Indian Archipelago to the east coast of Africa, 



1937.] B. Chopra A K. N. Das : Notes on Crustacea Decapoda. 391 

Subtribe BRACHYRHYNCHA. 

Family Pobthnidae. 

Subfamily CAnoiNiNAE. 

Gkrcinas maenas (Linn.). 

1899. Carcinua maenaa, Alcook, Journ. As. Soc, Bengal LXVIII, pp. 13, 14. 

Four large examples of this rare Indian species were collected by 
Prof, Meggitt at Maungmagan in October, 1933. All the specimens 
agree closely with the numerous published descriptions of the species, 
as also with our named material from Galle in Ceylon and from a number 
of other localities in the Mediterranean Sea and the North Atlantic ; 
the specimens are typical in every respect. All the four of them are 
infested with Rhizocephala. 

The geographical distribution of Carcinus maenas has already been 
referred to on p. 381. As stated by Alcock, it is evidently a very 
rare Indian species, there being only one Indian example of it (from 
Galle) in the Museum collection so far. The species is, however, very 
common in the Atlantic Ocean and the Mediterranean Sea. Alcock 
has discussed the distribution of this species in the work cited above, 
and of several other species of Crustacea and other groups in his account 
of the “ Investigator ” Madreporaria^ and Brachyura^). The distribu- 
tion of Carcinus maenas is, however, especially remarkable on account 
of its being a shore crab. 

Subfamily Lupinae, 

Scylla serrata (Forskal). 

1899. Scylla aerraiaf Alcock, Journ, A a, Soc. Bengal LXVIII, pp. 27, 28. 

1922. Scylla serrata. Balsa, Arch. Naturgesch. LXVIII, Heft 11, p. 110. 

There are seven specimens of this common Indo-Pacific species in the 
present collection ; three of these are in Prof. Meggitt’s first collection 
from Mergui and four from Maungmagan in the second. All the speci- 
mens are typical. 

Scylla serrata is the common edible crab of India and many other 
countries. In India it is met with extensively in backwaters and estuaries 
all along the coast. Hora® has described an ingenious method of its 
capture for market purposes in the creeks in the Oangetic Delta. The 
species has a very wide range of distribution all over the Indo-Pacific 
region ; Balss gives its distribution as : Rein indopazifisch vom Rotten 
Meere, der Ostkiiste Afrikas und dem Kap bis Japan, Australien, Tahiti 
und Aucklandinseln 

N^tunus (N^tunuf) sanguinolentus (Herbst). 

1934. Neptunua aanguinolentuSy Sakai, Sci. Rep. Tokyo Bunrika Daigahu (B) 
I, No. 26, p. 303. 

1936. Nepiunvt (Neptunun) aanguinolentua, Chopra, Sec. Ind. Mua. XXXVII, 
pp. 474-476. 

One young female example of this species is in Prof. Meggitt’s second 
collection ; it was obtained from fisher-boat nets at Maungmagan. The 

1 Alcock. Investigator Deep-Sea Madreporaria, Calcutta (1898). 

• Alcock, Investigator Deep-Sea Brachyvray Calcutta (1899). 

• Hora, Current Sci. III» pp- 643-646 (1936), 
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specimen is very badly mutilated and its identification is, therefore, 
somewhat doubtful. 

As mentioned by Chopra, N. sanguinolentus has a very wide range 
of distribution. Sakai gives Simoda as the northernmost limit of 
the range of the species in Japan. 

Charybdis (Goniosotna) cruciata (Herbst). 

1935. Charybdis (Ooniosoma) cmeiaius, Chopra, Hec. Ind, Mus. XXXVIT, 
pp. 482, 483. 

There are two very young specimens referable to the present species 
in Prof. Meggitt’s second collection ; these were collected from fisher-boat 
nets at Maungmagan. No colour markings are present on the specimens. 

This species also, as described by Chopra, has a very wide range of 
distribution. 


Charybdis (Goniosoma) lucifera (Fabricius). 

1899. Charybdis (Ooniosoma) quadrimacnlata, Alc^ick , Jovrn. As. Soc. Bengal 
LXVIII, p. 54. 

1922. Charybdis lucifera Bales, Arch. Naturgesch. LXXXVIII, Heft 11, p. 106. 
A single ovigeroua female, collected at Mergui, is in Prof. Meggitt’s 
first collection. It agrees closely with named specimens in the Indian 
Museum collection. In some specimens from the Coromandel coast in 



Taxi -Fia. S.-^Charybdis (Ooniosoma) lucifera (Fabr,). 

a. Terminal part of male abdomen: x5. b. Left anterior male appendage: 
c. Tip of the same enlarged : x34. 

the Museum collection the carapace is somewhat thickly furred ; the 
present example does not show any trace of the fur* 
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The sixth segment of the male abdomen has a characteristic shape. 

The anterior abdominal appendages of the male are as shown in the 
accompanying text-figure. They are of the typo usual in the genus 
Charybdis, There is no bend near the tip, and except for the fact 
that the small lobe on the inner border a little behind the tip is absent, 
the appendages are very much like those of C, merguiensis as hgured 
by Chopra.^ 

C, ludfera is met with on both the coasts of the Indian Peninsula. 
Balss gives its distribution as : “ Ceylon, Kiisten von Vorderindicn, 
Java, Malabarenktiste, Siam 

Charybdis (Goniosoma) annulata (Fabricius). 

1899. Charybdis (Ooniosoma) annulata^ Alcook, Journ. As. Soc. Bengal LXVIII, 
pp. 64, 65. 

1922. Charybdis annulata, Balss, ArcA. Naturgesch, LXXXVIll, Heft 11, 

p. 106. 

1937. Charybdis (Ooniosoma) annulata, Leene, Zool. Meded, Leiden XIX, 
pp. 167-168. 

The following specimens referable to the present species are in Prof. 
Meggitt’s second collection : — 

G 2286/1 Haungmagan, Cat’s Eye Rocks Prof. F. J. Meggitt 1 large ^ 

C 2286/1 Maungmagan Rocks : low tide Prof. F. J. Meggitt 1 1 small ^ 

The large male has a carapace length of about 47 mm. and a breadth 
of 68 mm. The female is about 38 mm. long and 66 mm. broad. 

C. annulata closely resembles the preceding species, but the carapace 
is narrower and more convex, the orbits arefshorter, being about one- 
third^of the distance between the inner siipra-orbital angles, and the 




Tbxt-vio. 4. — Charybdis (Oontosomo) annulata (Faht,), 

a. Terminal part of male abdomen : x2|. 6. Left anterior male appendage : xea.3. 
c. Tip of the same enlarged ; x24. 

lobtde at the outer end of the lower orbital border is not dentiform. The 
sixth tergum of the male abdomen, as seen in text-fig. 4, is also longer 


4 Chopns Nvs, xxxm, p. 485, text-fig. S (1986). 


If 
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and has parallel sides. The acute spine on the posterior border of the 
carpus of the last leg, so characteristic of C, merguiensisy is absent in 
this species. 

The anterior male appendages are of the usual type and are as shown 
in the accompanying text-figure. They are somewhat sharply bent 
near the tip. The inner margin has a small lobe-like process a little 
behind the tip, as in 0. merguiensis^ 

Most of the specimens examined have no characteristic colour- 
markings, but the female specimen from Maungmagan has three rather 
prominent purplish patches on the carapace, one on each hepatic region 
and a larger one on the gastric. 

A few measurements in millimetres of the large male from Maung- 
magan are given below ; — 

Length of carapace 46*9 

Greatest breadth of carapace 68*2 

Distance between outer and inner snpra-orbital angles of one 

side 7*3 

Distance between inner supra-orbital angles ... 24*0 

Miss Lcene has shown that Cancer fascialus of Herbst is not a 8 ynon 5 nn 
of the present species as Alcock had suggested. 

0. annulata is represented in the Indian Museum collection by speci- 
‘ mens from Penang, Bimlipatam and Karachi. The species has a fairly 
wide range of distribution, being known from Tahiti, Siam, Mergui 
Archipelago, Ceylon and the Indian coasts. 


Charybdis (Goniosoma) merguiensis (de Man). 

1934, CharyhdU merguiensM, Sakai, Sci. Rep. Tokyo Bunrika Daigaku (B) I, 

No. 26, p. 303. 

1936. Oharybdie {Ooniosoma) m&rguiensie, Chopra, JBcc. Ind. Mu$, XXXVII, 

pp. 484-486. 

1937. Charybdia {Ooniosoma) merguiensiSy Leene, Zool. Meded. Leiden XIX, 

pp. 166-167. 

This species appears to be very common at Maungmagan and is 
represented by 10 specimens, eight males and two females ii\ the two 
collections of Prof, Meggitt. Some of the specimens are very young. 

The strongly arched “ Querlinie ” of Monod and Steinitz is faintly 
indicated in all the specimens, but the fringe of pile is practically absent 
in all the examples. The three dark red spots also are not seen on the 
carapace of any of the specimens. 

The tips of the lateral spines of the carapace and the chelipeds and 
the distal parts of the fingers are brownish in colour. 

Chopra mentioned the range of distribution of C. merguiensis from 
Hongkong in the east to the coast of Palestine in the Mediterranean Sea 
on the west. Sakai has given a record of occurrence of the species from 
Japan also and has thus extended the range considerably. 


» Chopra, JReo. Ind. Mua. XXXVII, p. 486, teat-fig^ 8 (1936). 
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Charybdia (Goniosoma) ? callianawa (Herbst). 

1935. Charybdia {Oonioaoma) calliarutsaa, Chopra, Bee, Ind, Mua, XXXVIIt 
pp. 489-491, pi. ix, fig. 1. 

A single small female specimen in Prof. Meggitt's first collection from 
Maungmagan is referred to the present species with some doubt. The 
specimen is very immature and is badly damaged. 

C, caUianassa, as mentioned by Chopra, is known to occur from 
the Gulf of Siam to Karachi. 

Thalamita prymna (Herbst). 

1899. Thalamita prymna, Alcock, Joum. As, Soc. Bengal LXVIII, pp. 78, 79. 

1922. Thalamita prymna. Bales, Arch. Naturgesc.h. LXXXVIII, Heft 11, p. 112. 

There is one ovigerous female lielonging to the present species in 
Prof. Meggitt’s first collection ; this was collected at Cat’s Eye Rocks, 
Maungmagan. 

The specimen agrees closely with Alcock’s description, as also with 
named specimens in the Museum collection. 

The species is represented in the collection of the Indian Museum 
by several specimens collected in the Bay of Bengal from Mergui to 
Madras. Balss gives its distribution as : Natal, Rotes Meer, Tndische 
Kiisten und Inseln, Malayischer Archipel, Liu-Kiu-Inseln, Japan (Tokio- 
bai), Australien, Ncu-Caledonien, Tongatabu, Samoainseln 


Family Xanthidae. 

Subfamily Xantbinae. 

Cavpilodes margaritatus A. M.-Edw. 

1898. Carpilodea margaritatus, Alcock, Journ, As, Soc. iSerigraZ LXVII, pp. 85, 
80. 

1925. Carpilodea margaritatus, OdhneT, Handl. Kungl. Vetensk. Vitterh. Odteborg 
XXIX, No. 1, pp. 24, 26, pi. ii, fig. 4. 

A single specimen from Drs. Prashad and Chopra’s collection from 
Mergui is referred to the present species. 

C2287/1 A submerged coral reef, ofi Jounjoun- Drs. B. Prashad and 

ja, a small rooky Island, Mergui B. N. Chopra, 20th 
Archipelago. Jan* 1937. 

The specimen has the following measurements (in millimetres) : — 

^ Length of carapace 

Greatest breadth of carapace 

Breadth of front 

The specimen agrees exactly with the figure given by Odhner, as 
also with the figure and brief description of A. Milne-Edwards.^ The 
breadth of the front does not appear to be a constant character of the 
species. In our example it is slightly more than one-third of the cara- 
pace breadth, as is the case in Odhner’s figure also. In a specimen of 

» A, Mi|ne-i5dwards, Nouv. Arch, Paris IX, p. 182, pi. v, fig. 2 (1873). 

1C2 
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C. dioderus, which a ccording to Odhner is only a synonym of the present 
species, the front is stated to be sometimes very much narrower. 

The anterior male appendages of C. margarilatus are illustrated in 
the accompanying text-figure. Each appendage is practically straight 




Tkxt-fio. 5. — Carpilodea margaritatua, A. M.-£dw. 
a. Anterior left pleopod of male : x40. b. Tip of the same enlarged : xll3. 


and has a short claw- like tip. There' are some long club-shaped, 
feathery hairs just below the tip on the exposed surface of the appendage, 
and some more or less similar, but shorter hairs near the base on the 
outside. Along both the margins behind the- tip there are some very 
minute spinules, and a number of these bunched together just close to 
the tip on the outer side. The characteristic “ scroll-like projection ’’ 
shown in the figure given by Miss Gordon^ for C. Uppus (NgbiU) is not 
present in this species. 

C. margaritatus seems to be rare in Indian waters. There is no 
example of this species in the collection of the Indian Museum and 
Alcock included it in the Indian fauna on the authority of Henderson.* 
The species according to Odhner, however, has a wide range of distri- 
bution, having been recorded from a numW of places from Samoa on 
the east to Madagascar and the Bed Sea on the west. 


^ Ifem. Mus. Bog. Hiat. Jfoi. Beigiqiu 111, Faso. 15, pp. 24, 25, test fig. 13 

(1034). 

* BaiidatKm, Tram, JMim, JSoe, Xoadoa (2) V, p. 353 (1303), 
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Atargalu iiit«g«nimut (Lamarck). 

1898. AtergaHs itUegerrimus, Alcook, Joum. As. Soc. Bengal LXVII, pp. 96, 96. 

1922. Atergatis inUgerrimus iypicua. Bales, Arch. Naturgesch. LXXXV11I» 
Heft 11, p. 124. 

There is one young female of this somewhat common species in 
Prof. Meggitt’s first collection from Mergui. The carapace breadth of 
the specimens is about 35 mm. 

The present specimen agrees closely with named examples in the 
Museum collection. The surface of the external maxillipeds has, however, 
a scanty growth of short hairs, and the walking legs, in addition to the 
usual little tuft of hairs near the far end of lower border of the propodus, 
have a few stiff hairs in a similar position on the iscliium and merus also. 
In the allied species A. dilatatus de Haan (sec Alcock, op. cit., p. 97) 
the external maxillipeds are closely covered witli long thick bristles and 
the lower border of ischium and merus ot the walking logs has remark- 
able comb-like tufts of long stiff bristles. 

A. integerrimm has a wide range of distribution, having been recorded 
from several localities from Japan to Zanzibar on the oast African coast. 
In the Indian Museum there are examples from the Bay of Bengal only. 

Xantho n^lectus Balss. 

1898. Xantho diatinguendus, Alcook, Journ. As. Soc. Bengal LXVII, pp. 113, 
114 (nec 1836. Xantho distinguendus, de Haan, Faun, Japon. Crust., 
p. 48, pi. xiii, fig. 7 ; 1922. Xanthodius distinguetidns, Bales, Arch. 
Naiurgesch. LXXXVIII, Hoft 11, pp. 127, 128). 

1922. Xantho neglectus, Balss, Zool. Anz. LIV, p. 6 (name only). 

On account of the fact that de Haan (op. cit., p. 66) described the 
tips of the fingers in his Xantho dislinguendus as “ obtusis ”, Balss is 
of the opinion that de Haan’s species cannot bo retained in the genus 
Xantho, and further as in Alcock’s (and several other authors’) XanJtho 
dislinguendus, among other characters, the fingers are sharp-pointed, 
this crab, though rightly placed in the genus Xantho, cannot be consi- 
dered the same form as de Haan had described under the name of dis- 
tinguendus. Balss has, therefore, given the new name negleclus to the 
form that Alcock and several other writers had identified and described 
as XarUho distinguendus of de Haan. We have not gone deeply into 
this matter, but as the specimens^ in the Indian Museum collection 
identified by Alcock as Xantho dislinguendus differ considerably from 
the detailed description of Xanthodius distinguendus given by Balss in 
Afchiv fur NaturgeschicMe (he. cit.), we have preferred to adopt Balss* 
name for the Indian form. 

There are six specimens of this species, one from Mergui and five 
from Maungmagan Rocks, low tide, in the two collections of Prof. Meggitt. 
They are aU small and both the sexes are represented. The specimens 
agree closely with named examples in our collection, as also with Alcock’s 
excellent description of the species. 


^ The specimens from Hongkong differ from all the other specimens in the collection 
in having the tips of their figures blunt and hollowed out, in having the carapace and 
ohalipeds nuMre profusely granulated and in a number of other oharaoters. They agree 
fairly closely with the description of Xanthodius distinguendus given by Balss» and are 
probably referable, to this species. 
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X. negleclua is represented in the Indian Museum collection by several 
specimens both from the Bay of Bengal and the Arabian 8^. The 
species seems to have a wide range over the Indo-Pacific area. 


L^todius exaratus (M.*Edwards). 

1898. Xantho {Leptodiua) exaratus, Alcook, Journ, As» Soc, Bengal LXV11» 
pp. 118, 119. 

1922. L&ptodiua exaraiue, Balss, Arch* Naturgesch. LXXXVIII, Heft 11, p. 127. 

1934. Xantho Leptodiua) exaratua, Gordon, Mem. Mua. Boy. Hiat. Nat» 
Belgique III, Faso. 16, pp. 29, 30. 

A large number of specimens referable to this common Indo-Pacific 
species are represented in both the collections of Prof. Meggitt as also 
in that of Drs. Prashad and Chopra from Mergui. Both the sexes are 
represented and some of the females are ovigerous. The largest male 
specimen has a carapace length of 14*5 mm. and carapace breadth of 
22*6 mm. Some of the very small specimens have the claws and most of 
the walking legs missing. Three or four specimens are infested with 
llhizocephala. 

There seems to be a great deal of variation in the shape and acuteness 
of the lateral lobes and teeth of the carapace ; in younger individuals 
generally, though not always, the lobes are less distinct and the teeth 
are blunter. The carapace is non-granular in practically all the speci- 
mens. 

In the Indian Museum there are numerous examples of this species 
from both the Bay of Bengal and the Ai'abian Sea, including the Persian 
Gulf. The species has a very wide range of distribution over the Indo- 
Pacific area having been recorded from a larger number of. localities 
from Polynesia to the cast coast of Africa. 


Leptodiut cavipet (Dana). 

1898. Xantho {Leptodiua) cavipea, Aloook, Joum. Aa. 8oc^ Bengal LXVII^ 
pp. 122, 123. 

1906. Leptodiua eavipea^ Nobili, Ann. Sci.*Nat. Paria (9) 1V» p. 243. 

Two male examples of this somewhat rare species were collected by 
Prof. Meggitt from under stones in rock pools, between tide-marks at 
Maungmagan in October, 1933, along with a large number of specimens 
of the preceding species. 

The species is easily recognised, among other characters, by the pre- 
sence of a trough-like concavity on the upper surface of the carpopodites 
of the walking legs. Both our specimens agree in every respect with 
named specimens in the Museum copection. 

L. cavipes is represented in the collection of the Indian Museum 
by specimens from Mergui, Andaman Islands and the Palk Strait between 
India and Ceylon. The species has a wide range of distribution, having 
been recorded from Bonin Island in the North Pacific in the east to the 
Bed Sea and the east African coast on the west. Sakai^ has recorded 
it from the Japanese coast. 


« Sakai, Sei. JRig). Tokyo BunHka Voigalm (B) 1, No. 25, p. 310 (1934). 



B. C&OFBA k E. N. D^S : Nt^ on Crustacea Deoapoda, 

Subfamily Aotasinas. 

Actaea areolata Dana. 

1898. Actaea areolata^ Aloook, Journ, As, Soc, Bengal LXVII, p. 141. 

1925. Aetaea areokUa, Odhner, Handl, Kungl, Vetensk, Vitterh, 06td>org XXIXy 
No. 1, pp. 66, 66, pi. iv, fig. 12. 

On account of the fact that Alcock described a dense covering of 
fur on the carapace of the single specimen from Mergui that he had 
examined, Odhner has expressed the opinion that Alcock’s (and de 
Man’s^) A. areolata is not the same form as that described by Dana* 
under this name. Unfortunately this specimen from Mergui cannot be 



Xbxt-tig. 6. — Actaea areolata Dana. 

a. Left anterior pleopod of male : x28. 6. Tip of the same enlarged : Xll8. 

traced in the Museum collection and we are, therefore, unable to com- 
pare it with Odhner’s description of the species. There are, however. 


^ de Man, Jemra. lAwn, Boo. Liandon (Zoot,) XXH, pp. 26, 26 (1S87^« 

* Dana, CT. B, E^ped. CrueU 1, pp. 162, 163, pi. vtti, figt. la, 6 (1852). 




400 


tlecorAs of the Indian Museum, [ Vol. XX3tE^> 

three examples from Mergui in the present collection that are clearly 
referable to Dana’s A, areolata. Two of these are males (the larger one 
having a carapace length of 9*5 mm. and carapace breadth of 12'6 mm.) 
and the third, a young female. These specimens agree almost exactly 
with the descriptions and figures of Dana and Odhner. The hairs on the 
carapace are short and do not conceal the granulation and much less 
the areolae. The arrangement of the granules and the hairs is exactly 
as described and figured by Dana. The basal antennal joint roaches 
little beyond the front and the orbital border, therefore, does not form 
a complete ring as is shown by Odhner (pp, cit., pi. iv, fig. 11a) in his 
figure of A, semoni (Ortmann). The areolae of the carapace are almost 
exactly as in Odhner’s figure of A, areolata, the only difference from 
Dana’s figure being in the fact that the innermost areola on the proto- 
gastric lobe (2 M) is hardly broader than the areola on the mesogastrlc 
lobe (3 M). This difference was noticed by de Man in the case of his 
specimen from Mergui also. The mesogastric areola is in the form of 
an inverted T. The claws arc densely hairy as described by Alcock. 

We give here a figure of the anterior abdominal appendage of one 
of our male specimens. These are long and slender and are more or 
less of the typo usual in the genus Actaea, The tips are as shown in the 
figure. 

In the absence of the specimen on which de Man and Alcock based their 
descriptions of A. areolaia it is difficult to express any opinion on Odhner’s 
observations, referred to above, regarding the correct identification of 
this specimen. Our specimens are from more or less the same locality 
as de Man’s and agree with it in practically ev(;ry character, including 
the comparatively narrow innermost branch of the areola 2 M. dc Man 
made no mention of th(^ d(mse growth of hair on the carapace concealing 
the granulation, though Alcock seems to have considered this point of 
special importance. Except fora denser growth of hair on the carapace 
there does not seem to be any other difference between de Man’s Mergui 
specimen and typical examples of A, areolata and it seems to us likely, 
therefore, that this specimen is referable to Dana’s species. 

The three specimens in the present colleotion are registered as under : — 

C22d8/1 A submerged coral reef, off Joun- Drs. B. Prashad and 1 ^ 

jounja, a small rocky island, Mergui B. N. Chopra, 20th 

Archipelago. Jan., 1937. 

02289/ 1 A submerged coral reef near shore, off JDrs. B. Prashad and 1 $ 

Palaiow on the east coast of Boung B. N. Chopra, 20th 

Island, Mergui Archipelago. Jan., 1937. 

The only record of A. areolaia from Indian waters is from the Mergui 
Archipelago. Odhner has given several records of the species from the 
east coast of Queensland, Japan, N. W. Australia, Gulf of Siam and 
Singapore. The species seem to be restricted to the eastern part of the 
Indo-Paoific area only. 

Aclaaa calculosa (M.-Edwards). 

1898. ActoM oalculoM, Alcock, Joum* Ab. 8oc» LXVn, pp. 162, 163. 

1922. Actaea eakulosa. Balsa., Areh. NaturgeBch, LXXXVni, Heft 11, p. 122. 

1925. Actaw, oolciOosa, Odhuer, EanAl. Ximgl. VtUnsk. Qdteborg XXDD 

^ pp.62,63. 
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The present species resembles very closely Actaea granulata (Audoin), 
which according to Odhner and some other writers should be known 



TjiiXT-Fia. 7 . — Actam calculosa (Miluc-Edwards). 
a. Left autorior ploopod of malo : X 20. 6. Tip of tho same onlargod : X 83. 


under H. Milne- Edwards’ name of savignyi. The diffierenees between 
A. calculosa and A. savignyi have been fully described by Alcock 
and Odhner. The male appendages also show some differenccjs. 

A. calculosa is represented in our collection by one male specimen 
(carapace length 7*7 mm., carapace breadth 10-6 mm.), collected by Drs. 
Prashad and Chopra from amongst corals in a submerged reef near 
shore, off Palaiow on the east shore of Doimg Island in the Mergui 
Archipelago on 20th Jan., 1937. It agrees very closely with named 
examples of this species in the Museum collection. 

The anterior male appendages are as shown in the accompanying 
text-figure. They are shorter and stouter than those of the preceding 
species, and the tip is blunter and somewhat mere upturned. The 
hairs on the inner margin just behind the tip are also longer and have 
minute secondary hairs on them. ■ 

A. calculosa is represented in the Indian Museum collection by speci- 
mens from Mergui, Karachi and the Persian Gulf. Balss gives the 
distribution of the species from Torres Strait and Japan to the Red 
Sea. ndbnftr has extended the known range considerably by giving 
records of occurrence of the species from Adelaide, South Australia, and 
Tahiti in the Pacific. 
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Subfamily OblosojUsab. 

Chlorodiella nicer (Fonkil). 

(Plate VI, fig. 2.) 

1898. GMarodius niger, Aloook, Journ. Aa, 8oc. Bengal LXVII, pp. 160, 161. 

1936. Ghlorodi^la niger, Sakai, 8ei. Rep. Tokyo Bunrika Daigaku (B) II, p. 166. 

This common Indo-lPacific species was collected from a number 
of localities in the Mergui Archipelago by Drs. Prashad and Chopra 
and is represented in our collection by several specimens. Most of 
the specimens are small, the largest male having a carapace length of 
7-8 mm. and carapace breadth of 11‘5 mm. The species does not grow 
to a large size, as some of the females with a carapace length of between 
seven and eight millimetres are ovigerous. 

An examination of some of the very young examples in our collection 
has shown that in a number of characters young individuals show con- 
siderable difference from adults. In one female specimen (plate VI, 
fig. 2) with a carapace length of about 4 mm. the external orbital 
tooth is sharper than is usually the case, the first spine on the antero- 
lateral border is very small, blunt and almost like a tubercle, the. next 
two spines are sharp and prominent and the fourth is smaller and blunter 
than the two preceding ones. There are a few stiff hairs scattered on 
the carapace, especially in the anterior part and along the edge of the 
front. The cheliped also shows some differences. There is a sharp 
spifio on the anterior border of the arm, and the posterior border also 
has a spine and some crcnulations. The inner angle of the wrist has 



Tbxt-fio, 8. — GhlorodieUa niger (Forsk&l). 

Right ohiliped of a small female specimen, with a oarapaoe length of about 4 mm., outer 
and upper view: X 13. 

two sharp and unequal spines. Further in the walking legs the ante(rior 
border of the merus is crenulate, or even sometimes spiny. 

Some very young examples frOm the named collection of the Indian 
Museum that we have examined show all these characters clearly. In 
specimens even a little over 6 mm. in carapace length these characters 
can be seen. In slightly larger examples the fourth spine of the lateral 
margin of the carapace becomes increasingly acute ; the second spine 
on the wrist becomes smaller and the other beemnes a Mttie blunter. 
In examples with a carapace length of 6 mm. all the characters of the 
adult can generally be seen. 

Chidrdiielia niger is represented in the Museum coIl€k)tion by a large 
nuinber of specimens mostly from the Bay of Bengal. The species luui 
a ^de xan^ of disteibutioni being known to occur from Hawau on the 
to the BedBea and the jt^can coast on the west. Sidcai has 
the records of its occurrence from Japan* 
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Cyttio mdanadactylus de Haan. 

1898. Cymo melanodactylw, Aloook, Journ. As, 8oc, Bengal LXVII, p. 174. 

There are two male examples of the present species from Drs. Prashad 
and Chopra’s collection from Mergui. 


C2300/1 

Submerged coral reef, off Cantor 
Island, Mergui Archipelago. 

Drs. B. Prashad 
B. N. Chopra, 
Jan., 1937. 

and 

19th 

i<j 

C2291/1 

Submerged coral reef near shore, off 
Palaiow on the east coast of Boung 
Island, Mergui Archipelago. 

Drs. B. Prashad 
B. N. Chopra, 
Jan., 1037. 

and 

20th 

Id 

The specimens have the following measurements, in millimetres : 



Length of carapace 

10*0 

7-2 



Greatest breadth of carapace 

11-0 

8*0 



Breadth of front 

4-7 

3-6 



C. mmlnnodactylus seems to be variable in the amount of granulation 
and lumps on the carapace, some specimens in the Museum collection 
having the carapace even more or less smooth. Similarly the tubercles 
on the chelipeds show considerable variation. In our examples the rows 



Text-fiq. 9 . — Cymo melanodact^us de Haan* 

a. Terminal part of male abdomen of one of out speoimenB : x 4}. b* heft anterior 
male pleopod : X 23. e. Tip of the same enlarged ; X 93. 

of tubercles oh tbe upper surface and also on the Outer 3urfoce neatr the 
upper border of the hand are in the form of broad-bas4d| curbed 'ttpines. 
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Some of the tubercles on the outer surface of the hand, unlike what is 
mentioned by Stimpson^, are also reddish in colour. The basal parts 
of the fingers are strongly granulated, and are black. The dactyU of 
the walking legs are also tipped black. 

The penultimate segment of the male abdomen in both our specimens 
has practically straight sides, whereas in some of the named examples 
in the Museum collection the sides are distinctly concave. The last 
segment also appears to be somewhat longer. 

The anterior abdominal appendages of the male are sharply bent 
upwards (as seen in a specimen lying on its back) near the tip. Their 
form is shown in the accompanying text-figure. The tips are bluntly 
pointed and are beset with numerous minute spines. On the inner 
side just behind the tip there is a bunch of long plumose hairs, and the 
outer border behind the tip is a little serrate. In specimens in the 
Museum collection with sixth segment of the male abdomen having 
concave sides the anterior abdominal appendage does not show any 
material differences from what has been described above. 

In the Indian Museum there are specimens of C. ymlanodaciylus 
from Mergui, Andamans and Ceylon. According to Balss^ the species 
is known from Tahiti to east coast of Africa. 

Subfamily Mej^uppinae* 

Menippe rumphii (Fabricius). 

1S08. Menippe rumphii^ Aluook, Journ, A6» Bengal LXVII, pp. 178, 170. 

1936. Menippe rumphii, Shon, Chinese Journ, ZooL 11, p. 67. 

There arc several specimens of this species from Maungmagan in 
both the collections of Prof. Meggitt. Some of the specimens are light 
orange in (’olour on the upper side of the carapace, chelipeds and legs, 
with the lower side dirty whitish yellow. 

The species is very common in Indian waters both in the Bay of 
Bengal and the Arabian Sea. Its range of distribution in the Indo- 
Pacific area is very wide. 

Myomenippe hardwicldi (Clray). 

1898. Menippe {Myomemiipe] granulosa, Aloock, Journ, As, Soc, Bengal LXVII, 

pp. 179, 180. 

1899. Myomenippe hardwickii, de Man, Notes Leyden Mus, XXI, p. 66. 

1934. Myomenippe hardwickii, Balss, Faune des Colonies Francaises V, Faso. 

8, pp. 616, 617. 

The correct synonymy of this species has been given by de Man and 
Balss. 

Two specimens of M, hardunckii are in our collection. 

08292/1 Submergod coral reef, oS Cantor Island, I>rs. B. Prashad and 2 

Mergui Arohipelago. B. N. Chopra, 19th 

Jan., 1937. 

The specimens agree very closely with de ManV detailed description 
of the species given under the name of Myomennipe granulosa^ as also 

^ Btimpeon (Kathbun), Smithsonian Miso, OoU, XUX, p. 59 (1907). 

* Balas, Arch. Natnrgesih. LXXXVIII. Heft 11, p. 128 (1922). 

* de Mma, Jowm, Linn, 8oc, London {Zool,} XXlt, pp. 40-43, pl« Hg* 1 (1887). 
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with examples named by him and by Alcock preserved in the Museum 
collection. 

The anterior male appendages are as shown in the text-figure ; they 
ate short and stout and are rounded at the tip. The usual ciliated 



TlBXT-via. 10 . — Myomenippe hardtvicJeti (Gray), 
a. First left pleopod of male : X 4. b. Tip of the same enlarged : X 20. 


channel is entirely closed leaving only an ovalish aperture near the 
distal end. The sides are beset with long stout hairs. The second 
pleopods are whip-like, as is usual in the subfamily. 

The measurements, in millimetres, of the two examples from Mergui 
are given below : — 


Length of carapace 

40*0 

230 

Breadth of carapace 

650 

330 

Distance between external orbital angles 

27-5 

180 

Length of larger hand and fixed finger along lower 
border 

400 

230 


In the Museum collection there are specimens of the present species 
from several localities in the Bay of Bengal. The only record outside 
the Bay is that of Bales from Dar-es-Salaam on the east coast of Africa. 

Subfamily Oziinas, 

Epixanthiit frontalis (Milne-Edwards). 

IS98. EpixaiUhws frontalis, Alcook, Joum, As. Soc. Bengal LXVII, p. 185. 

1922. Spixanthus frontalis, Balsa, Arch. Nalurgesch. LXXXVHl, Heft 11. 
pp. 182, 133. 

Two male examples referable to the present species are in the collec- 
tion of Drs. Prashad and Chopra from Mergui. They are typical in 
every respect. The suture below the outor orbital angle is somewhat 
indistinct. 
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In the Museum collection there are specimens both from the Bay 
of Bengal and the Arabian Sea. The species is known from Tt^maoia 
to the east coast of Africa and the Bed Sea. 


Subfamily Pilvunisac. 

Pilumiius longicornit Hilgendorf. 

(Plate VI, fig. 3.) 

1808. PilumnuB longicomis, Aloock, Joum, As. 8oc. Bengal LXVII, pp. 193, 
194. 

1898. PilumnuB anderaonit Aloock, op, cit., p. 194. 

1933. PilumnuB longicornia, Balsa, Capita ZooL IV, Afl. 3, pp. 15, 16. , 

One specimen of this species, collected by Drs. Prashad and Chopra 
at Mergui, is in the present collection. We give below its measurements 
in millimetres. 


Length of oarapaoe 

10-6 

Breadth of oarapaoe 

14-0 • 

Breadth of front (distance between internal orbital angles) 

4*6 

Length of larger hand along lower border 

9*2 

Height of larger hand 

6*0 

Length of smaller hand along lower border 

8*0 

Height ol smaller hand • . 

3*6 


The specimen has some features which might be mentioned here : — 

1. The inner orbital angles are acute. 

2. The external margin of the second tooth on the lateral margin 

of the <5arapace is distinctly spinifonn, that of the third is 
obscurely so. 

3. The subhepatic granule is sharp. 

4. The postero-Iateral margins of the, carapace are slightly more 

arched than is usually the case. 

6. There are two spines on the inner angle of the wrist. 

6, Meropodites of the walking legs are spiny on the upper margin. 

Most of these characters are seen in our named examples also, though 
Alcock and some other authors have not mentioned these* The only 
noteworthy difference between our example and the older specimens 
that we have examined is in the sharpness of the subhepatic granule 
and in the postero-Iateral margin of the carapace being somewhat more 
arched. So far as the latter character is concerned it seems, however, 
that in the males the postero-Iateral borders of the carapace are genetsWy 
arched a little more than in females of the same size. 

P. longicornis is represented in the collection of the Indian Museum 
by B^cimens from both the coasts, as also from more eastern parts pf 
the Bay. Balsa gives tha ;knge of the species as : von Ostafrika lais 
Hewai und Ponape.” 
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Pilumniu birsutui Stimpson. 

1898. PUumnus hir»utu», Alcook, Joum. Aa. Soe. Bengal LXVII, p. 197. 

1998. Pilitnnut hirtulus, Balsg, ArcA. Natnrgeaeh. LXXXVIII, Heft 11, pp. 

117, 118. 

1933. PUumnus hirsuius, Balsa, Capita Zwh IV, Afl. 3, p. 20. 

There are three examples of P. hirsulus in the present collection. 
They were collected by Drs. Prasliad and Chopra in different localities 
in the Mergui Archipelago ; two of these are young males and the 
third, a young female. The specimens are typical. 

The amount of granulation on the large claw varies considerably 
in our named examples. 

The anterior abdominal appendages of the male from Mergui are 
as shown in the accompanying text-figure. In their general appearance 



XlBXT- sio . 1 1 . — PUumnus hirsut'f^s Stim pson . 

0. anterior pleppod of male : X 34. 6. Tip ot the same enlarged : x 113. 

they more or less conform to the type figured by Ralss (1933, op* cif,, 
p. 10, fig. 2) as characteristic of the subfamily Hlumninae, but they 
seem to show a closer resemblance to the appendages figured by Miss 
Gordon^ as of P. semmudus Miers, which species Balss (1933, op. c*., 
pp. 13 and 39) has transferred to his new genus Olabropilumnu9, 

In the Museum collection there are specimens of the present species 
from the eastern part of the Bay of Bengal only. Balss (1922, loc, dt.) 
gives the range of distribution of the species as New Caledonia to the 
Bed S^, extending as far north as Korea on the coast of China. 

^ Gordon, Jwm, lAnUe 8oc. London (ZqqI.) XXXVII, p. 541, toxt-flg. He, b (1931). 
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Actamniu elegana de Man. 

1898. AcUimnus elegana, Alcock, Jmrn, Aa. Soc. Bengal LXVII, p. 206. 
1933. Qlobopilumnua gMoaua, Balsg, Capita ZooL TV, Afl. 3, p. 7, pi. i» figs. 
1 and 2 {partim). 

Balss is of the opinion that the form described by de Man and Alcock 
as Actumnua elegana is only a young stage of Dana’s^ Pilumnus globosus, 
which species he has transferred to his new genus Globapilumnua in the 
subfamily Menippinae. He was led to this opinion on a comparison 
of de Man’s paratype of A. elegana with young specimens of, what he 
identified as, Pilumnus globosus of Dana. We are unable to subscribe 
to this view. We have before us one of the original specimens of 
de Man from Mergui (labelled co-type), two specimens from Kyuk Phyu 
Harbour and four examples from Mergui recently collected by Drs. 
Prashad and Chopra. All these seven specimens agree very closely 
with the descriptions of de Man and Alcock, and are no doubt conspecific. 
One of these specimens, from Kyuk Phyu, is an ovigerous female and, 
shows unmistakably all the characters on which de Man based his species. 
This specimen, which is the largest in our collection, has the following 
measurements (in millimetres) : — 


Length of carapace 


7*2 

Greatest breadth of carapace 

. . 

9-2 

Breadth of front 

. . 

30 

Breadth of fronto-orbital border 

, . 

6-2 


It would thus appear that Actumnua elegana is normally a small 
species, and what Baks believed to be the characters of the young only 
persist up to the adult stage also. The co-type from Mergui is a young 
male with a carapace length 3-9 mm. and there are hardly any characters 
to distinguish this specimen from the ovigerous female referred to above. 

Actumnua elegana is easily recognised, among other characters, by 
the paired arrangement of the spinuliform granules on the antero-lateral 
margins of the carapace. Typically there are eight of these granules 
on each margin ; six of these are arranged in three pairs, the seventh 
is between the granules of the first pair rfnd the outer orbital angle and 
the eighth is at the outer orbital angle itself. We give here an outline- 
figure of the carapace of the ovigerous female from Kyuk Phyu and the 
disposition of the granules will be clearly seen. from it. In one of the 
recently collected specimens from Mergui, however, there are two or 
three additional minute granules in between the larger paired granules. 
In all the other examples the number and arrangement of the granules 
is quite typical. In Dana’s PUumnua globosus, as described both by 
Dana and de Man,* there are only three or four isolated granules on the 
antero-lateral border of the carapace. The upper orbital border in 
Actumnua elegana, aa described by de Man* has a characteristic shape. 
In de Man’s words ** the frontal or inner part of the up^r margin of the 
orbits makes nearly right angles both with the frontal and the external, 
somewhat granular portion of the upper orbital n^gin ” ; this is 


^ Bans, Vn 8* Sxphf, Esfed^ Crval 1, pp. 236*287, pi; ziU, Sg.-^<k$68); 

* de Han, NoUa leifden M^a^ XU, pp. 59-61, Pl. ziii, 6g. 10 (1S90>. 

• de Men, JUna. 8oe. (Zo<d.) XXll» ip* 47*49 (1897). 
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clearly seen in the text-figure. In P, globosus, as seen in Dana’s figure, 
the upper margin of the orbit, is regularly rounded. 



Text-fig. 12. — AcUimmia elegana de Man. 

Upper view of carapace of ovigerous female specimen from Kyuk Phyu : X ca. 0. 

The abdominal appendages of the male, that we have been able to 
examine in the single male specimen (co-type from Mergui) in oiir collec- 
tion are unmistakbly of the Pilumnus type.^ They are as illustrated 



Text-fig. 13 . — Actumnus elegana de Man. 

a. First left pleopod of male : X 41. b. Tip of the same enlarged ; x 107. e. Second 

left pleopod of male ; X 107. 

in the accompanying text-figure. The second pleopod is very much 
shorter than the first and is not whip-like. The species, therefore, cannot 
be included in the subfamily Menippinae as proposed by Balss. 

^ We have also examined these appendages in a specimen of A. aetifer (de Haan) 
that has been seen by Dr. Balss ; they are more or less like those of A, degana in their 
general form and structure. 
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The species is represented in the present collection by four examples 
collected by Drs. Prasbad and Chopra in the Mergui Archipelago. 

C2203/1 Submerged coral reef off Cantor Island, Drs. B. Prasbad and 1$ from 
Mergui Archipelago. B. N. Chopra, 19th an oyster. 

January, 1937. 

C2294/1 Submerged coral reef off Palaiow on the Drs. B. Prashad and 3 $$ from 
east coast of Doung Island, Mergui B. N. Chopra, 20th corals. 

Archipelago. January, 1937. 

One of the specimens from Palaiow is infested with a Rhizocephalon. 

A, elegans is so far known from Mergui only. 

Subfamily Eriphjnae. 

Trapezia cymodoce (Herbst). 

1898. Trapezia cymodoce^ Alcock, Journ, As. Soc, Bengal LXVII, pp. 219, 220. 

1922. Trapezia cymodocBt Balss, Arc4. LXXXVIII, Heft 11, p. 134. 

1930. Trapezia^ cymodoce, Sakai. 8ci. Rep, Tokyo Bunrika Daigaku (B) II, pp. 

169, 170. 

This common coral crab is represented in the collection of 
Drs. Prashad and Chopra by 19 specimens from a number of localities 
in the Mergui Archipelago. There are examples of both the sexes and 
some of the females are ovigerous. The largest specimen, a female, 
has a carapace length of 15 mm., carapace breadth 19 mm. and 
the fronto-orbital border 16 mm. One female has two Bopyrids under 
the carapace, forming lumps one on each side near the junction of the 
antero-and postero-latoral borders ; this specimen has a little pubescence 
on the carapace, especially in the anterior half. All the specimens are 
typical. 

The species is represented in the collection of the Indian Museum 
by specimens both from the Bay of Bengal and the Arabian Sea. 
According to Balss it is distributed from Polynesia to the east coast of 
Africa. 


Trapezia ferruginea, var. areolata Dana. 

1898. Trapezia ferruginea, var. areolata, Aloock, Journ, Aa, Soc. Bengal LXVII, 

p. 221. 

1907. Trapezia cymodoce areolata, Rathbun, Mem, Mua, Comp, Zool, Harvard 
XXXV, p. 69. 

Miss Rathbun is of the opinion that a large number of forms that have 
been described as T, cymodoce, T, ferruginea and its varieties or as T, 
maculata are all referable to the first-named species. 

We have before us six female examples (three ovigerous) that are 
referable to Dana’s Trapezia areokUa, These were collected by 
Drs. Prashad and Chopra in the Mergui Archipelago. 

The “ elegant honeycomb network of fine brown ” described by 
Alcock is very distinct and in most cases extends to the claws, sides and 
ventral surface of the carapace and even to the abdomen. The upper 
part of the outer surface of the hand is finely pubescent in most of the 
examples. 

The largest female has a carapace length of 9 mm., carapace breadth 
11*6 mm. and fronto-orbital border 10 mm. The range of distribution 
of the present form is more or less the same as that of Trapezia cyrnodoce. 
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Tetralia glabarrima (Herbst). 

1898. Tetralia glaberrirna, Alcock, Jowm. As, Soc, Bengal LXVII, pp. 223 — 226. 

1922. Tetralia glaberrima. Balsa, Arch, Naturgesch, LXXXVIII, Heft. 11, p. 134, 

Like the two preceding species Tetralia glabertima is also very 
commonly met with living in corals ; twelve examples of this species 
were collected by Drs. Prashad and Chopra from amongst corals in the 
Mergui Archipelago. Both the sexes are represented in the collection 
and some of the females are o vigorous. We give below some measure- 
ments, in millimetres, of two males and two ovigerous female specimens. 



Ovig. $ 

Ovig. $ 

d 

d 

Length of carapace ... 

10-2 

7-6 

80 

8*8 

Breadth of carapace ... 

12-2 

9-0 

9*2 

10-0 

Breadth of fronto-orbital border... 

10-6 

8*2 

8*2 

9*0 


In the Indian Museum there are numerous examples of this species 
both from the Bay of Bengal and the Arabian Sea. The species has a 
very wide range of distribution over the Indo-Pacific area, being met 
with from Polynesia to the east coast of Africa. 


Family Gonoplacidab. 

Subfamily Psevdorbombilinar. 

Litocheira angustifrons Alcock. 

(Plate VI, fig. 4.) 

1900. Litochira angustifrons, Alcock, Journ. As, Soc, Bemjal LXIX, p. 316. 

1918. Litocheira angustifrons. Teach, Siboga Exped, Hep. XXXIX c^, p. 163, 
foot-note. 

1933. Heteropilumnus angustifronSf Balsa, Capita Zool, IV, Afl. 3, pp. 41-44. 

A single specimen of this apparently rare species is in the present 
collection : — 

02296/ 1 Palaiow, on the east coast of Doung Dra. B. Praahad and 1$ 

Island, Mergui Archipelago, on B, N. Chopra, 20th » 

beach at low tide. January, 1937. 

The specimen agrees very closely with Alcock’s named examples in 
the collections of the Indian Museum, as also with his description. 
Alcock’s description of the species is very brief and does not mention 
several important characters and as Tesch has expressed some doubts 
about the validity of the species we have thought it desirable to redes- 
cribe it in some detail. 

The entire surface of the carapace (Plate VI, fig. 4), chelipeds (except- 
ing the fingers) and the legs is covered with a short, dense fur and long 
silky hairs, the latter being most abundant on the lateral margins of the 
carapace and on the chelipeds and legs. There is a row of similar hairs 
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just behind the fronto-orbital margin surmounting a low and somewhat 
indistinct ridge. The lengtli of the carapace is almost three-fourths of its 
breadth. It is more or less flat, especially in the posterior part, the 
anterior region being somewhat curved and markedly deflexed anteriorly. 
When denuded the surface of the carapace is smooth, witli only a few 
small granules on and near the antero-lateral margins. The regions are 
very faintly distinguishable and the crecentic groove between the gastric 
and cardiac regions is deeply impressed. 

The fronto-orbital border is distinctly shorter than the length of the 
carapace, and, as mentioned by Alcock, is about five-ninths of its greatest 
breadth. The front is strongly deflexed anteriorly and is distinctly 
bilobed, each lobe being somewhat convex anteriorly. It is a little 
less than one-third of the carapace breadth. The two lobes of the front 
arc separated from one another by a small deep notch, followed by a 
shallow groove running longitudinally for some distance on the carapace. 
The front is not demarcated from the supra-orbital angles. 

The antero-lateral borders of the carapace are shorter than the 
postero-lateral and are arched. On each side the antero-lateral margin 
is cut up by three deep notches into four lobes. The first lobe is con- 
fluent with the external orbital angle ; its margin is truncate, with the 
anterior angle acut(*, and the posterior somewhat blunt. The second 
lobe is as large as, or even a little larger than the first ; its margin is 
rounded, the anterior angle sliarp and the posterior regularly rounded. 
The third lobe is considerably smaller than the first two and is sharply 
truncate, while the fourth is the smallest, is triangular and somewhat 
acutely pointed, The margins of all the lob(\s are crenulate as is also 
a small part of the postero-lateral margin of the carapace behind the 
fourth tooth. The postero-lateral margins arc more or less straight and 
converge posteriorly. The posterior margin is slightly sinuous. 

The upper border of the orbit is crenulate. There is a small trian- 
gular groove near the outer orbital angle and one in a similar position 
on the lower border. There is another small and indistinct notch on 
the middle of the upper border. The outer orbital angle is acute. The 
eye-stalks are cylindrical, fill up the orbits completely and the greatly 
reduced and pigmented corneas are somewhat ventrally placed at their 
tips. 

The antennules fold transversely in their fossae and the antennal 
flagella, as usual, stand in the orbital hiatus. The epistome is quite 
distinct, and the buccal cavern is somewhat widened anteriorly. The 
external maxillipeds completely close the buccal cavern and the broad 
merus has its antero-external angle slightly produced. 

The chelipeds are slightly unequal, especially in the male, in which 
they are about twice the length of the carapace and are almost as long 
as the penultimate pair of walking legs. In the female the chelipeds 
are less than twice the carapace length and are shorter than the legs. 
They are thickly covered with fur and long hairs, except on the lingers 
which are quite bare. In the Mergui specimen the larger claw has a 
part of the outer surface of the palm near the distal end also bare^ bu^ 
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in the smaller claw the whole of the outer surface of the palm is thickly 
covered with hairs. The inner surface of the palm is almost completely 
devoid of hairs. The upper border of the arm has a thin longitudinal 
crest on it, with a spine-like lobule near its distal end. There is also 
an indistinct transverse ridge on the outer face of the arm, a little from 
the distal end. The wrist has its inner angle acute, almost spiniform, 
and its upper surface granular, especially near its junction with the hand. 
The upper surface of the palm is densely covered witli granules, and the 



Tbxt-fiq. 14 . — ‘Litocheira anjaahfrons Alcock. Outer view of the left oholiped of male 

from Karachi : X 3. 


outer surface also is granular, except for a smooth patch in the middle. 
In the larger chela of the Mergui specimen the outer surface of the palm 
is quite smooth, as described by Stimpson^ for Pilunmoplax ciliata. The 
inner surface of the palm is altogether devoid of granules. The upper 
margin of the palm is straight and is considerably sliorter than its heiglit. 
The fingers are long and stout and the dactylus is slightly arclied. The 
proximal half of the upper surface of the dactylus and less tlian half of 
the lower surface of the fixed finger is granular. The cutting edges of 
the fingers are finely dentate, with one large tooth on <iach finger about 
the middle of the cutting edge. There is a small gap near the base when 
the fingers meet and the pointed tips cross one another slightly. 

The third walking legs are the longest, while those of tlic last pair 
are the shortest. The morus in all the legs is without any crest, anterior 
or posterior. The dactyli of the first three pairs arc long and straight 
with short, pointed horny tips, while those of the last pair arc short 
and stout. In the large male specimen from Karachi the third leg of 
one side is shorter than the second, but it has possibly been regenerated, 
for it is shorter than the corresponding leg of the other side. 

All the seven abdominal segments are distinct in both the sexes. 
The first segment of the male abdomen (text-figure 15 a) occupies all the 
space between the bases of the last pair of walking legs. The second is 
narrower, and the third at the base is almost as broad as the first. The 
sides of this segment converge strongly distally so that it is very much 
broader at the base than at its distal end. From the third segment the 
abdomen tapers gradually to the tip. Th i fourth, fifth and sixth segments 
are subequal in length and the basal breadth of the sixth is about one and 
a half times of its median length. The anterior abdominal appendages 


^ Stimpson (Rftthbaa), Smithsonian JUisc, ColL XLIX, pp. 02, 92 (1907). 
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of the male are somewhat like those of L, siibintegra Lanchester, as 
figured by Miss Gordon.^ The appendages of the two sides are not in 
any close contact distally and the apex of each is bent outwards and 
considerably upwards, perhaps not quite as sharply as shown in MisS 
Gordon’s figure. Just behind the tip on the outside there is a tuft of 
long hairs decreasing in size distally and on the inner side there are a 
few minute spinules just at the place where the tip bends. 



TaxT-Fia. 16 . — Litoeheira angustifrom Alcock. a. Abdomen of male specimen from 
Karachi j x2|. 6, Anterior left abdominal appendage of same: x7. c. Tip 
of the abdominal appendage magnified : x20. d. Abdomen of male of Clistocodoma 
balanse^ A. M.-Edw. : X 4i. 


The older specimens are a dirty light brownish in colour, with the 
fingers white and the pearly granules on the palm also showing white 
through the long hairs. In the Mergui specimen the colour is dirty 
greyish, but on removal of the fur and hairs it is seen to be ivory white. 
The fingers in this specimen are light brownish in their entire length. 

Alcock based the species on two specimens, a female from Bombay 
and a larger male from Karachi. In the Indian Museum collection the 
female specimen from Bombay is labelled as the type, and is numbered 
6182/3. The species has since been recorded, * without any comments, 
by Borradaile® from Male Atoll in the Maldives and has now been 
obtained from the Mergui Archipelago. 

We give below measurements in millimetres and the proportions 
of certain measurements of the carapace in the three specimens of L. 
angustifrom in the Museum collection. For purposes of comparison 
we have also included similar measurements and proportions of L. cristata 
Rathbun,^ so far as published by the author. 


^ Gordon, Jaum, Linn. Soc. London (Zod.) XXXVII, p. 640, text-fi^. 266 (1931). 

> The figure of the male abdomen of Clistocodoma balansae has been mclud^ in this 
block through a mistake’; it should have formed a part of text>£gure 21 on p. 432. 

* Borradaile, Fauna Oeog. Maidive Laccadive Arch. I, p. 430 (1903). 

* Rathbun tSkr^, K, Dan$h. Videmk. Selek, Copenhagen (7) V, pp. 3^, 341 (1910). 
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L. angustifrons. L, cristata. 


Female Male Male Female 
Type- from from Type- 
epecimen Karachi. Mergui. specimen. 

from 

Bombay. 


Length of carapace 

... 

11*0 

13*2 

9*4 

6-6 

Greatest breadth of carapace ... 

••• 

14-8 

18*4 

12*2 

7*7 

Fronto-orbital breadth 

••• 

8-2 

10*0 

7*0 

60 

Breadth of front ... 

Length of hand along lower border (largo 

4-C 

6*6 

4-0 

2-8 

claw) 

... 

8*9 

13-2 

9-0 


Height of palm (large claw) ... 

Length of hand along lower border (small 

61 

7*8 

61 

• • 

claw) 

... 

8-7 

12*8 

8-4 

• • 

Height of palm (small claw) ... 
Penultimate walking leg — 

... 

4-7 

7*4 

4*8 


Length of merus 

... 

8*8 

9*6 

7*6 


Length of carpus . . 

... 

4-6 ] 

^ 11*5 

4*2 


Length of propodus 

... 

6*6 J 

4-6 


Length of daclylus 

... 

6-6 

6*3 

4-7 


Carapace length 

Carapace breadth 

... 

•74 

•72 

•77 

•71 

Fronto-orbital breadth 

Carapace breadth 

... 

*66 

•64 

•67 

•66 

Front 

Carapace breadth 

... 

•31 

-.30 

•33 

•36 


Lilocheiria angustifrons resembles L. ciliala (Stimpson) and L. crislata 
Eatlibun so closely that Tesch has suggested that the throe may have 
to be combined under Stimpson’s name. Alcock’a species, however, 
differs from Stimpson’s in having a narrower carapace and from both 
the allied species in having the walking legs without any crest on the 
merus. In i. crislata the upper surface of the wrist is strongly eroded 
and has a blunt ridge along the inner edge ; there is hardly any trace 
of the erosion or the ridge in Alcock's species, nor has their presence 
been mentioned by Stimpson. The front and the fronto-orbital border 
are also broader in Miss Rathbun’s species than in L, angustifrons. The 
walking legs of the second pair are stated to be longer than those of the 
third in L. crislata, while, as is usually the case, the third legs are the 
longest in both Alcock's and Stimpson’ s species. The shape of the teeth 
on the antero-lateral margins of the carapace is also slightly different 
in Alcock's and Miss Rathbun’s species. Stimpson’s species is very inade- 
quately known and it is therefore, impossible to enumerate any other 
differences that may possibly exist between his species on the one hand 
and Alcock’s and Miss Rathbun’s species on the other. The general 
resemblance between the three species is, however, very close and 
striking. 
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The position of a number of species grouped in the genus Litocheira 
appears to us to be far from satisfactory. According to Kinhan’s^ 
definition of the genus and the genotype, in addition to other characters, 
members of the genus Litocheira are characterised by having a front 
which is about half as broad as the carapace, and by the possession of 
an orbit the upper border of which is entire. A large number of species 
that are now included in the genus agree with the type-species, L. bispi^ 
nosa, in these, as also in most other characters, but there are certain 
others in which the frontal breadth is markedly less than half the cara- 
pace breadth, or in which the upper border of the orbit has one or two 
distinct gaps. In L. angustifrons, L. setosa (A. M.-Edw.)^ and L. 
integra (Miers),® to mention only the species that we have ourselves 
examined, the front is either exactly or only a little more than one-third 
of the carapace breadth, while in L. angustifrmis^ L. quadrispinosa 
Zehntner® and perhaps in several others the upper border of the orbit 
has two more or less distinct gaps. In the matter of the anterior abdo- 
minal appendages of the male also there appears to be a great deal of 
difference between the genotype and several other species. We give here 
a figure of the anterior male appendage in i. bispinosa from a specimen 



TbxT'FIO. 16 . — Litocheira bh^noea Kinhaii. a. Left anterior pleopod of male : x 12. 
6. Tip of the same magniiicd : X 35. 

from St. Vincent Gulf, South Australia, presented to the Indian Museum, 
and a comparison of this with the similar appendage of L. angustifrons 
as figured here, or of L, mhtniegra liunchester, L. subintegra^ var. hirsutior 
Lanchester and L. amoyensis Gordon, as figured by Miss Gordon** will 

^ Kinhan, Journ. Hoy. Dublin Hoc. I, pp. 121423, pi. iii, fig. 1 (1856). 

» See Teeoh, Hiboga Sxped. Hep. XXXIX ci. pp. 165-167, pi. vu, fig. 1 and pp. 168- 
171, pi. vii, fiff. 3 (1918). 

* Miers, Zool. “ Alert ”, p. 543, pi. xlviii, fig. o (1884). 

* Gordon, Joum. Linn. Soe. London (Zool.) XXXVII, p. 549, text-fig. 25 (1931). 



1937.] B. Chopra & K. N. Das: Notes m Crustal l)e(xipoi^ 4l7 

show the great difference between the appendage of the type-species 
on one hand, and that of the species named licre on the other. We have 
also examined this appendage in L. setosa (A. M.-Edw.) and L. 
heaumontii Alcock^ and find that in these species also the anterior abdo- 
minal appendages of the male are more or less of the same type as in 
L. angustifrons and the other species named here. Miss Gordon^ believes 
that in the genus Litocheira the anterior abdominal appendages of the 
male are of two kinds, both the kinds having a beak-like apex, but, 
differing from one another chiefly in the presence or absence of a very 
large spine just under the apex ; all the species that we have examined, 
except Z. hispinosa, or the figures of the male appendages of which have 
been published conform to one of these types. In the genotype, however, 
the appendage, besides being short and proportionately very stout, has 
no beak-like apex. The terminal portion is straight, blunt and truncate 
and is beset with a profuse growth of long hairs on both the margins. 
From all the differences enumerated above it seems to us likely, there- 
fore, that the inclusion of some of the s])ccies now grouped in the gemus 
Litocheira is only a matter of convenience, and does not rtipresent their 
true natural relationship with the other members of the genus. An 
examination of the anterior abdominal appendages of the male in all 
the known species of the genus seems to us very d(^sirable.® 

Balss has recently suggested that L. angustifrons along with some 
other species that are now included in tlie genus Litocheira should b(5 
accommodated in de Man’s genus Heteropilumnus in the family Xanthidac. 
From what has been stated above we are also of the opinion that certain 
species at present assigned to the genus Litocheira do not agree with 
the type-species of this genus in a number of important characters, and 
it may perhaps be advisable to put such species in another genus. We 
are not, however, convinced that these species could find a plac(‘, in the 
genus Hetet'opilumnus or be included in th(^ family Xauthidaf*. A consi- 
derable amount of further work on all the species iuclud(‘d in Litocheira 
and Heteropilumnus, and specially on their male appendages, could only 
settle this point. We have included L. angaslifroihs in the genus Lito- 
cheira in the family Gonoplacidae chiefly as a matter of convenience. 

Family Potamonidab. 

Subfamily Potamoninae. 

Potamon (Acanthotdphusa) dayanum (Wood-Mason). 

1910. Potamon (Acanthotdphusa) dayanum, Abook, Cat. Ind. Decapod Crust. 

I, Brachyura Faso. II, pp. 01-63, pi. xi, fig. 49. 

One large female specimen of the present species is in Prof. Meggitt’s 
first collection from Maungmagan. The exact locality from which it 
was obtained is not mentioned. The specimen is quite typical. A 


^ Alcook, Journ. As. Soc, Bengal LXIX, pp. 316, 316 (1900). 

* dordon, Joum. Linn, Soc, London (Zool.) XXX VTI, p. 626 (1931). 

’ 01 the seven species of the genus Litocheira in the Indian Museum collection, viz,, 
L. htJtpinnMft Kinhtkn, L. setosa (A. M.-Edw.). L, beaumontH Aloook. L, angustifrons Aloock, 
L, inkgra (Miers), L. quadrispinosa Zehntner, and L, kingsleyi Mien the last three are 
represented by female examj^ only. 
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large number of more or less fully-formed young ones are under the 
abdomen of the specimen and some are lying loose in the bottle in which 
it had been put. 

There is a large number of specimens of this species in the Museum 
collection from various localities in Burma. So far as we are aware 
the species is not known outside the “ Burma-Malay Territory as 
defined by Alcock (op. p. 10). 

Potamon sp. 

Two female examples with the chelipeds missing and otherwise badly 
damaged are in Prof. Meggitt’s first collection from Maungmagan. We 
have found it impossible to give them a specific name. 

Subfamily Oecaroinuoinab, 

Paratelpliiisa (Phricotelphiiaa) callianaria (de Man). 

1910. Paratelphuaa (Phricotelphusa) callianaria, Aloook, Cat, Ind. Decapod 
Crust, I, Brachyura Faso. II, pp. 102, 103, pi. xiii, fig. 62. 

One female specimen with a carapace length of 10-7 mm. and greatest 
carapace breadth of 12*6 mm. was collected by Drs. Prashad and Chopra 
in a small freshwater stream near shore at Kamachaung on the east coast 
of Doling Island in the Mergui Archipelago. The specimen agrees very 
closely with the original examples of de Man from Mergui. 

■ The species is represented in the collection of tlie Indian Museum 
by specimens from Mergui only. So far as we know it has not been 
recorded from any other locality. 

Family Ocypodidae. 

Subfamily Ocypodinae. 

Ocypoda ceratophthalma (Pallas). 

1900. Ocypoda ceratophthalma, Alcock, Journ, As. iSoc. Bengal LXIX, pp. 
345-347. 

1918. Ocypoda ceratophthalma. Teach, Sihoga Exped, Rep, XXXIX c, p. 36. 

1922. Ocypoda ceratophthalma, Balss, Arch, Naturyesch, LXXXVllI, Heft 
11, pp. 141, 142. 

1937. Ocypoda ceratophthalma, Twcedie, Bull. Raffles Mus. Singapore XIII, 
p. 141. 

A large number of examples of this common Ocypod are in the two 
collections of Prof. Meggitt from Maungmagan. They were collected 
on beach and in Rock Pools near shore. 

Ocypoda ceratophthalma resembles 0, macrocera M.-Edwards (vide 
infra) so closely that it is sometimes difficult to distinguish young 
examples, and especially young females of the two species. The fingers 
of the smaUet chela, however, afford a useful character for separating 
the species ; in ceratophthalma these are pointed at the tips, while in 
macrocera the fingers are lamellar right up to the tips, which are broad 
and blunt and not pointed. The stridulating organ on the inside of 
the palm is always much shorter and more hairy in the present species 
than in 0. macrocera, and, as pointed out by Alcock, consists, in its upper 
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half, of tubercles gradually passing to striae, which in the lower half are 
short and generally very closely arranged ; in macrocera the stridulating 
ridge consists entirely of striae. The abdomen of the male in the two 
species is also different ; in the present species it is narrower than in 
macrocera. The sixth segment is narrower and longer, its median length 
being more than its greatest breadth while in macrocera the length of this 
segment more or less equals its greatest breadth. The fifth abdominal 
segment is also proportionately longer and narrower in the present species 
than in the allied form. The first pleopods of the male are somewhat 



TsxT-na. 17. — a. First left pleopod o! male in Ocypoda ceratophthalma (Pallas) : x6;, 
a^ Tip of the same enlarged : X 21. 6. First left pleopod of male in Oeypoda 
macrocera Milne* Edwards : x6*. 6'. Tip of the same enlarged : X22. 

different in the two species, as is seen in the accompanying text-figure. 
In the present species the appendage is a little more sharply bent near 
the tip, which is more rounded and consists of two somewhat flattened 
and distally rounded lobes, separated by a narrow incision between 
them. In 0, ynacrocera there is just a suggestion of the incision, but the 
two lobes are not differentiated. 

In young examples the horn at the end of the eye is generally very 
poorly developed. 

0. ceratophthalma occurs very commonly in the Bay of Bengal. Balss 
gives the distribution of the species as Tahiti to the east coast of Africa. 

Ocypoda macrocera Milne-Edwards. 

1900. Ocypoda macrocera, Alcock, Journ, As, Soc, Bengal LXIX, p. 347. 

1916. Ocypoda macrocera, Kemp, Mem, Ind, Mus, V, pp. 219, 220. 

A number of examples of this species were collected by Prof. Meggitt 
in Rock Pools near shore at Maungmagan in October 1933. 

The species can be distinguished from the closely similar 0. ceratoph- 
thalma by the characters enumerated above. The characters of the 
male abdomen appears to be constant even in young examples. The 
present species is of a smaller size than the preceding one. 
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Kemp has described the colour of the species and has given very 
interesting notes on the habits, etc., of the species, in its early stages. 

The 8i)ecies is mostly confined to the Bay of Bengal only, though it 
has been recorded from the Gulf of Siam also. 


Ocypoda cordimana Desmarest. 

1900. OcyptHla cordimana^ Alcock, Journ. As, Soc. Bengal LXIX, pp. 349, 360. 

1918. Ocypoda cordimana, Toach, Siboga Exped, Rep. XXXIX c, pp. 35, 36. 

1922. Ocypoda cordimana, Balsa, Arch, Naturgesch. LXXXVIII, Heft. 11, 
p. 142. 

Several large males and females of this species are in Prof. Meggitt’s 
second collection from Maungmagan. The specimens are typical and 
agree very closely with named examples in our collection, as also with 
Alcock’s description of the species. 

The anterior abdominal appendages of the male arC more or less like 
those of 0. macrocera (vide p. 419 and text-figure 17 6, 6'). There is 
no deep incision separating the two lobes at the tip, though the lobes 



Tmt-pig. 18.— OcyyWrt curdiminn Dosmarcst. a. First left pleopod of male; X6. 
6. Tip of the same enlarged : x 20. 

are better differentiated than iii the other species. The condition is 
more or less intonuediate between 0. cercUK^phthedma and 0. inacrocera. 

0. cordivmna occurs very commonly in the eastern part of the Indo- 
Pacific area. There is a large, number of specimens of the species in the 
rallection of the Indian Museum from various localities in the Bay of 
Bengal, but none from the Arabian Sea. Bales gives the range of distri* 

bufoon as Tahiti to the Red Sea. The species is frequently met with 
m Japan also. 
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Gelasimus^ triangularis A. Milne>Edwards. 

1900. Oelaaimua triaii^ulariSf Alcock, Journ. As. Soc. Bengal LXIX, pp. 366, 
367. 

1937, Qelaaimua triangularis^ Tweedie, Bull. Raijhs Mus. Singapore XIll, 
p. 144, fig. Ic. 

A single male specimen of this species was collected by Drs. Prashad 
and Chopra in Bockacbaimg, a small freshwaters troam near Mergui. 
The specimen, which is quite typical, has a carapace length of G*5 mm., 
carapace breadth of 11-5 mm. and the large hand is 13-2 mm. 
long. 

The male abdomen in this species is as shown in text-figure 19. 
The fifth segment is somewhat broader than long, and is appreciably 



Tbxt-Fiq. 19 . — Odaaimus triangularis A. M.-Edw, 
Terminal pari of male abdomen ; X 17. 


longer than the fourth and the sixth segments. The seventh segment 
is semicircular. The anterior pleopod of the male has been figured by 
Tweedie. 

0, triangularis is a very common species in the Bay of Bengal and 
is known to extend up to New Caledonia in the east. 


^ We agree with Miss Gordon that the name Oalasimus shonld be retained for the 
t'iddler-crab in preference to Uca Leach : see Gordon, Mem. Mus. Boy. Hist. Bat, 
fitlyigue III, Faso. 16, p. 10, foot-note (1934). 
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Gelatimin marionu (Desmarest). 

1900. Oelasimus Marionia and var. nitidua, Aloook, Joum. As. Soc. Bengal 
LXIX, pp. 369, 360. 

1918. Uca marioniSf Tesch, Siboga Exped. Rep. XXXIXc, pp. 3^ 39. 

1922. Uca marionia nitidua. Balsa, Arch. Naiurgeach. LXXXVIII, p. 143. 

1937. Oelaaimua marionia and var. nitidua, Tweedie, Bull. Raffles Mua. XIII, 
pp. 143, 144, fig. 1 d, e. 

Tesch has shown that Gelasimus nitidus of Dana, or the variety 
exdsa Nobili of the species marionis, as it should be called, is only a claw- 
variation of Desmarest’s species and as such should not be recognised 
as distinct from the forma typica. This view is further confirmed by 
Tweedie who failed to find any significant differences between the abdo- 
minal appendages of the male in the two forms. According to Tweedie 
it is probably a case of “ geographically local dimorphism confined ’to 
the males ” ; the females in the two forms are inseparable. 

Five large males and a female of this species were collected by Drs. 
Prashad and Chopra on beach at low tide at Palaiow on the east coast 
of Doung Island in the Mergui Archipelago. The species is represented 
in the Museum collection by a large number of examples from the Bay 
of Bengal and some from the Arabian Sea. Balss gives the range of 
distribution of the species from Samoa and Fiji Island to the east coast 
of Africa and the Red Sea. 

Gelaiimut manii (Rathbun). 

1900. Oelaaimua acuiua, Alcock, Journ. Aa. Soc. Bengal LXIX, pp. 360, 361. 

1918. Uca manii, Tesch, Siboga Exped. Rep. XXXIXc, p. 38. 

1937. Oelaaimua manii, Tweedie, Bull. Raffles Mua. Singapore XIII, p. 143, 
fig. 1 6. 

Miss Rathbun has shown (see Tesch, loc. dt.) that Oelasimus acuius 
of de Man and Alcock is not the same form as Gelasimus acuius of Stimp- 
son, which is synonymous with G. dussumieri Milne-Edwards. P’or de 
Man’s form she has given the name of Uca manii. 

0. manii is represented in our collection by a large number of speci- 
mens from Maungmagan and some from Bockachaung, a freshwater 
stream near Mergui. All the specimen!& are typical, agreeing very 
closely with the descriptions of de Man and Alcock, as also with examples 
named by them. 

The front measured between the bases of the eye-stalks is about 
one-twelfth of the greatest breadth of the carapace, but rarely it is a 
little narrower than this even. Tweedie has figured an anterior pleopod 
of the male. 

The species is known from both the coasts of India, but is most 
common in the Bay of Bengal. 

Subfamily Scopimerinab. 

Dotilla intermedia de Man. 

1919. Dotilla intermedia, Kemp, Rec. Ind. Mua. XVI, pp. 331-333. 

Three male examples referable to the present species were found 
mixed with specimens of Ocypoda ma/crocera collected by Prof. Meggitt 
at Maungmagan. Two of these are mutilated, but the third hw mos^ 
of the legs intact). 
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The specimens agree closely with the description of Z). clepsydro^ 
dactylus Alcock^ or with that of “ high '' males of intermedia, as des- 
cribed by Kemp. As Kemp has shown these species are synonymous. 
We have compared our examples with the named materia), including 
types of the two species, in our collection. 

D, intermedia is represented in the collection of the Indian Museum 
by a large number of specimens from the Mergui and Tavoy coasts of 
Burma and the Orissa coast of India. To our Icnowledge the species 
has not been recorded from any locality outside the Bay of Bengal. 

Subfamily Macrophthalminae* 

Macrophthalmus telescopicus (Owen). 

1900. Macrophthalmus Verrauxi, Alcoek, Jmrn. As, 3oc, Bengal LXIX, p. 
377. 

1915. Macrophthalmus telescopicus^ Tcsch» Zool. Meded. Leiden Mus, I, pp. 
16M64, pi. V, fig. 2. 

1919. Macrophthalmus telescopicus, Kemp, Rec. Ind. Mus, XVI, pp. 387, 
388, pi. xxiv, figs. 10. 11. 

1934. Macrophthalmus telescopicus, Sakai, Sci. Rep, Tokyo Bunrika Daigaku 
(B) I, p. 320, pi. xviii, fig. 2. 

1934. Macrophthalmus telescopicus. Balsa, Faune dea Colonies Francaises V, 

p. 622. 

Two female specimens, one of which is ovigerous, collected by Drs. 
Prashad and Chopra on beach at low tide at Palaiow on the east coast 
of Doung Island, Mergui Archipelago are referable to the present species. 

Kemp and Tweedie* ha^ e suggested that Tesch's M, telescopicus may 
possibly consist of more than one species. Both these authors have 
shown that in the characters of the male chela and in some other re- 
spects the species, as understood by Tesch, is not quite homogeneous. 

M, telescopicus is represented in the Museum collection by examples 
from Mergui, Tavoy, Andamans, Gulf of Manaar and the Red Sea. 
The species has a very wide range of distribution extending from Ha- 
waiian Islands in the Pacific to the east coast of Africa and the Red 
Sea. It has been met with in a number of localities in Japan also. 


Macrophthalmus convexus Stimpson. 


1900. Macrophthalmus convexus, Alcock, Journ, As, 8oc, Bengal LXIX^ pp, 
378, 379. 

1016. Macrophthalmus convexus, Tesoh, Zool. Meded, Leiden Mus» I, pp. 176- 
178, pi. vii, fig. 8. 

1919. Macrophthalmus convexus, Kemp, Rec, Ind, Mus, XVI, pp. 389, 390, 
pi. xiv, fig. 2. 


Two somewhat mutilated examples of the present species are in 
Prof. Meggitt’s first collection from Maungniagan. They appear to be 
typical in every respect. 

As stated by Tesch the carapace length in young individuals is dis- 
tinctly more than half of the carapace breadth. Similarly the front 
appears to be somewhat broader in young specimens than in the adult 
forms. 


1 Aloock, Jottm. As, 8oc, Bengal LXIX, p. 367 (1900) ; III, Zool. Investigator, OruH, 
pi. Iziii, figs. 2, 2a (1906). 

• Tweedie, Bull. Rafies Mus, 8ingapore XIII, pp, 164, 166 (1937)f 
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There are specimens of M. convexus in the Museum collection from 
Mergui, Andaman Islands and the Gulf of Manaar. The species is 
restricted to the eastern part of the Indo-Pacific area only, being known 
from the Hawaiian Islands and Tahiti on the east to the Gulf of Manaar 
between India and Ceylon on the west. It has been recorded from 
Japan also. 


Macrophthalmiu erato de Man. 

1900. MacropMhalmua erato, Aloook, Journ. A 9 . Soc. Bengal LXIX, pp. 381, 
382. 

1915. Macrophthalmua erato, Tesob, Zool, Meded. Leiden Mua. I, pp. 179- 
18], pi. viii, fig. 9. 

1919. Macrophthalmua erato, Komp» Rec. Ind. Mua. XVI, p. 390. 

1930. Macrophthalmua eratua, l^hen, Contrih. Inst. Zool. Nat. Acad. Peiping 
III, pp. 70, 71. 

There are seven specimens of the present species in Drs. Prashad 
and Chopra’s collection from Mergui. Six of these are females (two 
ovigerous) and one young male. 

The lower margin of the orbit has a very characteristic shape in 
this species. The claw in the male, as described by de Man^ in detail, 
differs considerably from that of the female, but in some young males 
that we have examined from the Museum collection the claw is more 
or less of the female type. Tn a young male example from Chandipur 
on the Orissa coast (carapace length 4*75 mm., carapace breadth 6*5 ram.) 
the fingers are almost as long as the palm and have no lobe-like teeth 
on the cutting edges, all the teeth being minute and more or less uni- 
form and the spine on the inside of the palm is hardly noticeable. As 
in all the females, there is a strongly-marked ridge on the outer surface 
of the palm more or less parallel to the lower border and running almost 
up to the tip of the fixed finger ; this ridge is faintly discernable on 
the fixed finger in large males even. In another male of about the 
same size from the same locality the claws are typically like those of 
the male. In a third male (carapace breadth 6-5 mm.) from Jack and 
Una Island in the Mergui Archipelago the claws are still more inter- 
esting, for they are intermediate between the male and the female types. 
The fingers are longer than is usually the case in the male, the lobes 
on the cutting edges are less well developed and the ridge on the palm, 
though fainter than it is usually in the female, is fairly well marked 
throughout. The inner surface of the palm is less hairy and the spine 
is altogether absent. 

In two very small males from Chandipur (carapace breadth less 
than 5 mm.) the claws are definitely of the female type. 

In the single male example in the present collection (carapace breadth 
5*3 mm.) the fingers are as long as the palm and are not arched ; the 
teeth are minute and uniform ; the musical crest, the spine on the inner 
surface of the palm and the usual pad of hairs are suppressed ; and 
the ridge near the lower border of the palm is strongly marlced up to 
the tip of the fixed finger. All these characters are typical of the female 
chela. 


i de Man, Jotim. Linn. 8oe. London {Zool.) XXII, pp. 125-129, pi. vui, figs. 12-14 
(1887-188S), 
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It is thus seen that in the young examples of M. erato the claws are 
of one type only and that whereas this t 3 rpe is retained by the females 
throughout life, in males after attaining a carapace breadth of 6 mm. 
or a little more, a differentiation into what ultimat^^ly becomes the “ male 
type ” starts appearing. 

Tweedie^ has recorded the occurrence of the species in “ burrows 
consisting of the bark of a burned mangrove twig from which the wood 
had rotted away 

There is a large number of specimens of M. erato in the collection 
of the Indian Museum ; all of these are from the Bay of Bengal. The 
species extends from Java and the Chinese coast on the east to the 
Orissa coast in India on the west. 


Family Grapsidae. 

Subfamily Grap.^txae, 

Grapsus strigosus (Herbst). 

1900. Orapaus airigoaus, Alcock, Journ. Aa. Soc. Bengal LXTX, pp. 393, 394, 

1918. Orapsuar atrigoaua. Teach, Sihoga Exped, Rep. XXXIXo, pp. 71-71, 
pi. iv, figs. 1 and 4. 

1922. Qrapaua atrigoaua. Balsa, Arch. Natvrgeack. LXXXVIII, Heft 11, p. 
147. 

A large number of specimens of this species are in all the three 
collections under report. 

Alcock and Tesch have enumerated the differences between this 
species and the closely allied Grapsus grapsus (Linn.). Our specimens 
are all typical examples of the present species. 

In young individuals the length of carpus and propodus of the walk- 
ing legs is more than the length of the merus ; in older individuals, 
however, the two are generally equal. 

Grapsus strigosus is a very common species in the Indian coastal 
waters, both in the Bay of Bengal and the Arabian Sea. It has a very 
wide range over the entire Indo-Pacific region, being met with from 
Polynesia to the east coast of Africa. The species possibly extends to 
the west coast of America^ also. 


Subfamily Varuninae. 

Vanina litterata (Fabricius). 


1900. Varuna litterata, Alcock, Journ. As. Soc. Bengal LXIX, pp. 401, 402. 
1922. Varuna litterata, Balss, Arch. Naturgeach. LXXXVIII, Heft 11, pp. 
149, 150. 


Only one female specimen of this widely-distributed species is in 
the first collection of Prof. Meggitt from Maungmagan. The species 
is met with in large numbers in estuaries and backwaters along the Indian 
coasts, and is frequently collected in places where the water is even 
fresh. Kemp® has described the “ modes of invasion ’’ of this 


I 


^Tw«edie. BuU. Baffea Htu. Singapore XIII, p. 164 (1S37). 
* Batbboii BuU. UTS. Nat. Mu*.. XCVM, p. 231 (1918). 

» ^p. Mem. M. Mu*. V. pp. 232, 233 (1916). 


O 
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species in order to establish itself in fresh water in the neighbourhood 
of Calcutta. The species has been frequently collected in the open 
sea also. 

V, litterata has a very wide range of distribution; Balss gives it 
as : “In See-und Siisswasser, von der Ostkiiste Africa (nicht im roten 
Meere) bis zur Siidsee ; im eigentlichen Pazifik seltener.” 


Subfamily Sesarminae. 

Sesarma (Sesarma) taeniolata White. 

1900. Sesarma taeniolatum, Alcock, Journ, As. Soc, Bengal LXIX, pp. 419, 
420. 

1917. Sesarma {Sesarma s. «.) taeniolataf Tesch, Zool. Meded. Mus. ^Leiden 
111, pp. 201-203, pi. xvi, fig. 3. 

1936. Sesarma {Sesarma) taeniolata, Tweedie, BulL Raffles Mus. Singapore 
XII, p. 63. 

A single male specimen, perhaps not fully grown, of this species is 
in Prof. Moggitt’s first collection from Maimgmagan. 

The specimen shows all the characters enumerated by Tesch. The 
upper border of the arm ends in a somewhat blunt tooth. The distance 
between the external orbital angles of the carapace equals the distance 
between the epibraiichial teeth. The breadth of the meropodites of 
the walking legs is a half or a little more than half of their length. The 
“ tympana ” mentioned by Tesch can only be faintly made out in the 
usual position. 

Sesarma taeniolata is represented in the Indian Museum collection 
by specimens from the Bay of Bengal only. The species seems to be 
restricted to the eastern part of the Indo-Pacific region only. 


Sesarma (Parasesarma) prashadi, sp. nov. 

(Plate VI, figs. 5-7.) 

The carapace is for the most part, flat, though it is slightly convex 
in a longitudinal direction in the anterior part. The branchial regions, 
as usual, slope strongly downwards towards the margins. The regions 
are fairly well demarcated ; the mesogastric lobe forms an independent 
convexity, with the anterior narrow longitudinal projection running 
forward for a short distance. The intestinal region also forms a con- 
vexity. There are seven or eight prominent oblique ridges, rather 
than striations, on the epibranchial regions, each ridge being microsco- 
pically beaded. The surface of the carapace is smooth, there being 
only a few low and blunt tubercles, with short, stiff hairs on them, 
scattered on the surface. The four post-frontal lobes run in almost 
a straight line ; the inner lobes are about twice as broad as the outer 
lobes. The two inner lobes arc separated from one another by a deep 
longitudinal groove, w^hich runs for a considerable distance back- 
wards. The groove betw’een the outer and the inner lobes on each side 
is broad and V-s^ped and is much shorter than the groove between 
the median lobes. All the four lobes are anteriorly rounded and those 
of the uiediau pair are minutely nigose on the anterior aspect. 
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The carapace is distinctly broader than long, the median length 
being about three-fourths of the distance between the outer orbital 
angles, where the carapace is the broadest. The sides are somewhat 
convergent posteriorly, the breadth of the carapace at the postero- 
lateral angles being less than that at the outer orbital angles. The 
sides are straight in the anterior part, somewhat concave about the 
middle and bulge outwards posteriorly. The margins are entire and 
there is no tooth behind the acute external orbital angle ; the latter is 
directed outwards and somewhat forwards. 

The front (Plate VI, fig. 6), as usual, is very much deflexed. Its 
sides arc more or less parallel and the anterior angles are broadly 
rounded. In dorsal view the anterior margin of the front forms a broad 
and shallow depression in the middle, with an anteriorly convex lobe 
on either side. Just close to the margin of each lobe there is a trans- 
versely oval tubercle with a single short stiff hair on it. In frontal view 
the anterior margin of the front is straight or slightly convex. 

The orbits are markedly slanting. From the inner supra-orbital 
angle the upper orbital border comes more or less directly backwards, 
but from about the level of the posterior limit of the thiclc eye-stalk 
it runs backwards and outwards, in its last part, near the lateral 
margin of the carapace the orbital border runs directly outwards. 
For the most part this border forms a broad regular curve, but a por- 
tion about the middle is somewhat convex. The lower orbital border 
is prominent, and a part of it is visible in dorsal view. The lower border 
is finely beaded. 

The chelipeds are unequal, that on the right side being distinctly 
longer and stouter than that on the left. The arm is trigonous, with 
all the three border cristiform iOnd beaded. The outer surface of the 
arm is covered with s<|uamiform granules, while the inner and lower 
surfaces are smooth. The inner border is distally expanded and termi- 
nates in a large, broad-based and pointed spine. There is no subter- 
minal spine on the upper border. The outer surface of the wrist is only 
faintly granular, though it has squamiform markings ; the inner angle 
is broad and obtuse. The palm is swollen and is markedly high, the 
length of the propodus (palm and fixed finger) along the lower margin 
being only one and a half times of its height. The upper border is 
very short and finely beaded. The outer surface of the palm is quite 
smooth, though there arc a few indistinct squamiform markings arranged 
in irregular lines near the carpal joint, and a few stiff hairs scattered 
about. The inner surface is more or less smooth with a few isolated 
granules scattered in the distal portion. The lower border of the palm 
is denticulate, the denticulation extending up to about the middle of 
the fixed finger. The usual chitinous pectinated ridges are arranged 
transversely near the upper border of the palm, and more or less parallel 
to its posterior border. The anterior or the distal -most ridge is quite 
straight, the second is somewhat sinuous, while the third, which is more 
or less obsolete, consists of only a few pectinatioas and some granules. 

The teeth in the first ridge are so closely arranged, more or less like the 
teeth of a very fine comb, that it is difficult to count them, but there 
.appear to be at least 40 of these. In the second ridge the teeth are 
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less high and their number is also smaller. The fingers are stout and 
gape only slightly at the base. The lower border of the fixed finger 
is somewhat concave near the base. The dactylus is as long as the 
height of the palm and tapers gradually towards the tip. The cutting 
edge has seven or eight blunt teeth, the proximal-most of which is the 
largest. The fixed finger has only five teeth arranged on about the 
distal half of the cutting edge and, as in the dactylus, the most proximal 
tooth is the largest. The tips are broadly pointed, hollowed and almost 
spoon-shaped. The outer surface of the dactylus is profusely granular 
near the base. On the upper border of the dactylus (Plate VI, fig. 7), 
slightly on the outer aspect, there is the usual row of transverse tubercles 
extending from the base to almost the tip. Each tubercle, except in the 
distal part, is in the form of a narrow oval dome, with a median, some- 
what smooth longitudinal ridge. The tubercles are quite syniTjietrical 
with respect to their long axes. Near the base of the finger they are small 
and crowded together, but the distance between them increases distally 
and near the tip they again become small, almost squarish and are 
widely separated from one another. The most distal ones, quite close 
to the tip, are indistinct, but 27 of them can be counted on* the large 
claw. On the inside of this row of tubercles the basal half of the upper 
border of the dactylus is densely studded with largish granules. The 
smaller chela differs from the larger one only in size. 

The merus of the w^alking legs is broad, that of the third pair being 
two and a half times as long as broad. The posterior margin of the 
merus is entire, but the anterior has a subterminal sharp spine. In 
the first three pairs the merus has prominent squamiform markings on 
the upper surface. The carpus has two, more or less, longitudinal ridges 
on ite upper surface, one about the middle and the other close to the 
anterior margin. The propodus also has one ridge running obliquely 
from about the middle at the proximal end to the posterior margin 
at the distal end. The dactylus is large and sharply pointed ; in the 
first three legs it is almost as long as the propodus, but in the last leg 
it is longer than the preceding segments. The last three segments are 
sparsely clothed with short stiff hairs on the margins. 

As usual in the genus the abdomen of the male (text-figure 20/?-) is 
somewhat broad and occupies the whole breadth of the sternum between 
the bases of the last legs. The terminal segment is short and broadly 
rounded ; its basal breadth is a little more than its median length. The 
sixth segment is very slightly shorter than the seventh and is almost 
half as long as its breadth at the posterior margin. The fifth segment 
is shorter than the sixth and its posterior breadth is a little less than 
three times of its median length. The sides of the abdomen are some- 
what concave. 

The anterior abdominal appendages of the male are rather short 
and stout and the tip is sharply bent outwards. There is a dense growth 
of long hairs on the outer margin behind the tip. 

The carapace and legs in the single specimen preserved in spirit 
that we have examined are of a dull mottled purplish colour ; the cheli- 
peds are pale and the fingers light orange. The sternum and the ventral 
surface of the legs are lighter than the dorsal surface. 

Type-Sfecimen,^-C 2296/1, Zoological Survey of India (Ind, Mus,)^ 



1987.] B* Chopei & K. N. Das : Notes on Crustacea Decapoda, 429 

lie single specimen on which the present species is based 
TOs coUec^d in a small freshwater stream, quite near the sea^shore, 
at Jiamachaung, a small village on the east coast of Doung Island in the 



Tbxt-Pio. 20 . — Stearma {Paraseaarma) prashadit Bp. nov. 

a. Terminal part of male abdomen : X 7. 6. First left pleopod of male : x 13, c. 
Tip of the same enlarged : x 30. 

Metgui Archipelago, by Drs. B. Prashad and B. N. Chopra on 19th 
January, 1937. The water at the place where the specimen was obtained 
tasted quite sweet, but may possibly have been subject to the influence 
of the tides. 

The measurements, in millimetres, of the male specimen of S. prashadi 
are given below, and, for purposes of comparison, the corresponding 
measurements of a male specimen of S, plicata (Latreillc) from Burma 
are included. 


Length of oarapaoe ... 

Distance between external orbital angles 
Distance between postero-lateral angles of carapace 
Breadth of front 

Breadth of oarapaoe at posterior margin 

Length of palm and fixed finger (larger claw) along 

Height of palm (larger claw) 

Length oi daotylus (larger claw) along upper border ... 
Length of upper border of palm (larger claw) 

Length of mems of 3rd walking leg 

of mems of 3rd walking leg ... ... 

Median length of fith abdominal somite of male 
Posterior breadth of 5th abdominal somite of male ... 
Median length of 6th abdominal somite of male 
Posterior breadth of 6th abdominal somite of male 
Median length of 7th abdominal somite of male ... 
Poetofior hveadth of 7th abdominal somite d male 


8, prashadi 8, pUmta 


d 

d 

9-2 

10*6 

12-2 

13-2 

10*3 

120 

6-3 

7*6 

5-1 

0*3 

0*3 

7*8 

6*1 

4*4 

61 

4*8 

3-9 

2*8 

7‘8 

8*5 

3*2 

3*8 

1*4 

1*7 

4*0 

4*6 

1*6 

1*7 

3*3 

3*9 

1*7 

3*3 

1*9 

2*3 


P 
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That Sesarma prashadi belongs to the subgenus Pa/rasesarma of de 
Man is clearly seen by the fact that the lateral margins of the carapace 
are not dentate behind the external orbital angles, that the upper sur- 
face of the palm has two or three transversely arranged pectinated ridges, 
and that the upper border of the dactylus has a row of transverse 
tubercles. In the key given by Tesch^ for the identification of the Indo- 
Facific species of Parasesanna the present species — ^in so far as there are 
no spines on the posterior border of the meropodites of the walking 
legs, the sides of the carapace converge distally and the tubercles on 
the upper border of the dactylus are symmetrical with respect to their 
long axes — seems to come close to Sesarma plicata (Latreille), which 
name Tesch,* presumably on the authority of Miss Rathbun, has given 
to the species so far known to most carcinologists as Sesarma, jtiodra- 
ium (Fabricius), There are, however, some ^noteworthy differences 
between these two species. In the new species the carapace is a little 
more convex, the regions are a little more distinct, the outer post-frontal 
lobes are considerably smaller than the inner and the front, as com- 
pared with the carapace breadth, is a little narrower. Further the upper 
margin of the arm does not end in a spine, the inner angle of the wrist 
is broader than in plicaia, the palm is considerably higher,* its outer 
surface is loss granular and the inner less tuberculate. The number of 
teeth in the pectinated ridges on the palm is also very much larger in 
the new species. The number of tubercles on the upper border of the 
dactylus is about 27 in our species, whereas in S. plicata there are usu- 
ally 12-14 tubercles, though the number may vary between 11 and 18 
or even rarely 19. The proportions of the last three abdominal seg- 
ments of the male are also different in the two species and the anterior 
male abdominal appendages are not quite similar. A comparison of 
the measurements of S, prashadi with those of S. plicata given on p. 429, 
and of the figures of the male abdomens and the male appendages of 
the two species will bring out most of these points. 

In having 20 or more tubercles on the upper border of the movable 
finger the present species shows some resemblance to S. erythrodactyla 
(Hesse)® and S. bataviana do Man.^ hi both these species, however, 
the tubercles are not symmetrical with respect to their long axes and 
are prominently striated longitudinally. There are several other differ- 
ences also. S. melissa de Man® has also a superficial resemblance with 
S, prashadi^ but besides other differences, the number of tubercles on 
the dactylus in de Man’s species, is smaller and the tubercles are asym- 
metrical. In Sesarma (Parasesarma) obliquifrons Rathbun®, described 
from Samoa, the general shape of the front and the hands is more or 
less like that in our new species, but the differences between the two 
species are far more numerous than these points of superficial simi- 
larity. 


• Teach, Zool, Medei. Mus, Leiden 111, pp. 261-265 (1917). 

• Teach, op, eii,, pp. 187-190 ; aee foot-note 3 on p. 187. 

• See Teeoh, op, cit, p. 149 (1917). 

• See Teach, op. dU, p. 132. 

• Sea Teeoh, op, eit,. S, 174. 

« Rathhoii, Froc, Biol. Soc, Waehinglon XXXVlh pp- 127, 128 (1924). 
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8. prashadi seems to show the closest resemblance to the species 
recently described by Tweedie^ under the name Sesarma {Parasesartna) 
rutilimana from a small island near Singapore. The points of 
simikrity are clearly seen by comparing our description of the new 
species with that given by Tweedie for his. There are, however, 
some noteworthy differences between the two. /S. prashadi appears 
to be a somewhat broader form than tlie Singapore species and, 
unlike the latter, has unequal chelipeds. There are tliree (two distinct 
and one obsolete) pectinated ridges on the outer surface of the 
palm and the first of these has over 40 teeth ; in Tweedie’s species there 
is only one ridge having rather more than 20 teeth. Further the tuber- 
cles on the dorsal surface of the distal half of the movable finger, in 
S, rutilimana, become elongated, asymmetrical, with the longer proxi- 
mal slopes striated : in our species they become squarish distally, but, 
are all symmetrical and are not striated. The colouration of the two 
species is also markedly different. The two species in our opinion, 
in spite of their very close similarity, must, therefore, be considered 
distinct. 


Sesarma (Chiromantes) bidens (de Haan). 

1900. Sesanna bidens, Alcock, Journ. As. Soc. Bengal LXIX, p. 416. 

1917. Sesarma (Chiromantes) bidens, Tesch, Zool. Meded. Mns. Leiden III, 
pp. 132-135. 

1922. Sesarma (Chiromantes) bidens, Balss, Arch. Naturgesch. LXXXVIII, 
Heft 11, p. 166. 

In our collection there arc examples of the present species from 
Maungmagan (Prof. Meggitt’s first collection) and from a fresh-water 
stream near Mergui (Drs. Prashad and Chopra). The specimens are 
quite typical. 

In the Museum collection there are specimen of S. hidens from a 
number of localities in the Bay of Bengal. The species has a very wide 
range of distribution being known from Australia and New Guinea to 
the east coast of Africa. It is one of the commonest species of Sesarma 
in Japan. 


Clittocoeloma merguiense de Man. 

1900. Clistocoeloma merguiense^ Alcock, Journ. As. Soc. Bengal LXIX, p. 
429. 

1917. Clistocoeloma merguiense. Teach, Zool. Meded. Mus. Leiden III, p. 222. 
1936. Clirtocodoma merguiense, Tweedie, Bull. Raffles Mus, Singapore XII, 

p. 68. 

A single specimen referable to de Man’s species is in the present 
collection. It was collected in a small fresh-water stream on a small 
Island in the Mergui Archipelago. The place from which the specimen 
was obtained is probably subject to a certain extent to tidal influence. 

02297/1 A aniftll fresh-water stream at Kama- Drs. B. Prashad and 1 ^ 

ohaong on the east coast of Doong B. N. Chopra, 19th 

Island. Mergni Archipelago Jan., 1937 

The specimen agrees very closely with the detailed description given 
by de Man^^ as also with the named examples in the Museum collection 

Tweedie, BuU, Raffles Mus, Singapore XII, pp. 63-66, pi. xt, fig. 2 (1936). 

* da Man, Journ, Linn, Soc. London (Zool,) XXII pp. 196, 196, pi. xiii, %. 10 
(1888). 
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identified by Alcock. The key given by Tesch {op, city p. 269) for the 
recognition of this species is very helpful. The abdomen of the male, 
as mentioned by de Man, is very much like that of C. balansae A. M.- 
Edwards.^ the genotype, and differs considerably from that C, tectum 
Rathbun, as described and figured by Tesch {op, cit., pp. 224, 225, pL 
xvii, fig. 3c). The chelipeds in our specimen are also as described by 
de Man. 

The anterior male appendages are as shown in the accompan3dng 
text-figure. They are short and stumpy and are broadly truncate at 
the tip, wliich is densely hairy. 



Tkxt-Fio. 21. — Cliatocoeloma merguianse de Man. 
a, Cheliped of male : X 3^. b. Anterior left pleopod of male : x 22. e. Tip of the 
same enlarged : x 47. 

The measuremcttits, in millimetres, of ttie Mergui specimen are as 
given below : — 


Length of carapace ... ... ... l].3 

Distanoe between external orbital angle« ... ... 12*8 

Breadth of front ... ... ... ... 8*2 

Length of claw (palm and fixed finger) along lower border ... 9*2 

Height of palm ... ... ... ... 6*0 

Length of daotylut along upper border ... ... S *1 

Median length of 4th abdominal somite of male ... ... 1*3 

Median len^h of fith abdominal somite of male ... ... 1*6 

Median length of 6th abdominal somite of male ... ... 1*4 

Posterior breadth of 6th abdominal somite of male ... 4*1 

Median length of 7th abdominal somite of male ... ... 2*8 

Posterior breadth of 7th abdominal somite of male ... 2*2 


» A. Milne-Edwards, Nauv, Arek, Mu*. Fan* IX, p, 311, pi. xvii, fig. 1 (1873). 
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C, merguiense is known mostly from the Bay of Bengal only, having 
been recorded from Penang, Mergui Archipelago and Nicobar Islands ; 
the only record outside the Bay is that of de Man from Amboina Island. 

Owing to the carapace being “ symmetrically and boldly lobutated ” 
Tesch {loc, dt,, foot-note) is of the opinion that the specimens which 
Alcock referred to C. balansae really belong to Miss Rathbun^s C. tectum. 
We have carefully re-examined these specimens and though we have 
no examples of C, tectum to compare them with, we have checked them 
with the published descriptions of the species and especially with the 
detailed account given by de Man.^ We are of the opinion that Alcock’s 
specimens cannot be referred to tectum and that they liave been 
rightly identified as 0. balansae. In the form of the upper orbital bor- 
der and the proportion of the abdominal segments of the male, to 
mention only the two characters especially stressed by Tesch for the 
identification of the species of Clistocoelomu^ the Indian Museum speci- 
mens show their close similarity with Milne-Edward’s species. We give 
here a figure (text fig. 15(i, p. 414) and measurements, in millimetres, 
of the male abdomen of one of Alcock’s specimens of C. balansae, and 
a comparison of these with the similar figure and measurements of 
C. tectum given by Tesch will show that they are not referable to 
Miss Rathbun’s species. The curvature in the upper orbital border is 
perhaps not so well pronounced as mentioned by de Man, but it can 
still be clearly seen. 


Median length of 4th abdominal segment of male ... 1*6 

Median length of 5th abdominal segment of male ... ... 1*9 

Median length of 6th abdominal segment of male ... ... 1*7 

Posterior breadth of 6th abdominal segment of male ... 4*5 

Median length of 7th abdominal segment of male ... ... 3*2 

Posterior breadth of 7th abdominal segment of male ... 2*4 


In the character of the lobulation of the carapace, it must be 
admitted that Adcock’s specimen of (7. balansae comes very close to (7. 
tectum. The number and arrangement of the tubercles on the dorsal 
surface of the carapace in the Indian Museum specimens is more or less 
identical with that described and figured by Tesch for 0. tectum. The 
length of the carapace also equals the distance between the outer orbital 
angles and the outer post-frontal lobe is subdivided into two by a 
longitudinal fissure, but these characters, as mentioned by Tesch, are 
common to both the species. 

Metaplax dantipes (Heller). 

1900. Metaplax detUipes, Alcook, Joum. As. Soc. Bengal LXIX, pp. 433, 434. 

1918. Mtiaplax dentipes. Teach, Biboga Bxped, Bep. XXXlXo, p. 117, foot* 
note. 

Two males of this species are in Prof. Meggitt’s first collection from 
Haungmagan and four males were collected by Drs. Prashl^l and Chopra 
in Boekachanng, a freshwater stream near Mergui. 


^ do Ifaii, Zoot. Jahrb. 8yH. IX, pp. 840-843 (1896). 
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The specimens agree verj closely with our named examples. The 
dactylus of the chelipeds may sometimes be a little longer than the 
upper border of the palm. In one example from Maungmagan the 
chelae are unequal. 

Metaplax deniipes is a common coastal form in the Bay of Bengal. 
Tesch gives its distribution as the Gulf of Siam, Mergui Archipelago, 
Ceylon and the Indian (eastern) coast. 




EXPLANATION OF PLATE VI. 


Fia. 1 . — Heieronuda mesanensis Rathbun, dorsal view of the female 
specimen from Mergui : X 8. 

Fig. 2,—Chlorodiella niger (Forskal), dorsal view of the carapace of a 
young female :x7. 

Fig. 3. — Pilumnus longicornis llilgendorf, dorsal view of a specimen 
from Mergui : x 2. 

tiG. 4 . — Litocheira angvsHfrons Alcock, dorsal vie^v of a male specimen 
froTU Karachi :X 11. One side of the carapace has been 
denuded. 

Vi(h 6. — Sesarma (Parasesarma) prasfuuU, sp. nov., dorsal view of the 
type specimen : X 2. 

Fig. 6. — Frontal view of the carapace of the same :X 4. 

Fio. 7. — Large cheliped of the same : X 7. The arrangement of the 
tubercles on the dactylus is seen. 
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Pirate VI. 
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STRUCTURE, HABITS AND EARLY DEVELOPMENT OF A NEW 
SPECIES OF STILIGER EHRENBERG. 
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Introduction. 

Wliilt*. in fjiuuistic studies of tlu3 hrackisli watiTs of Madras, 

Profossor K. Gopala Aiyar drew my atUmtiou to tlio (xjcurnnico of a 
small Eolid-like Mollusc. An examination of the l)racJvisli water pools 
near the mouths of the rivers Coouni and Adyar in .Madras durinj' August 
and September 1035, revealed this tiny Mollusc crei'ping on algae float- 
ing in the waters. A careful study of its (External characters and ana- 
tomy convinced me that it was a new species ot tin* gmius SUkfjcr 
EhrenlxTg, and a preliminary note on this form was n'ad by me })efoni 
the Zoology S(*ction of the Indian Science Congress held at Indore in 
the month of January 1036. 

Though the genus was discovered as (*arly as 1831, our knowledge 
of its anatomy is incomplete in most respixds wliile nothing is known 
about its life-history. 1 have*, therefore given in this f)aper a full des- 
cription of the external morphology and internal anatomy of this new 
form, which I have named Stiligtr gojiaUii, sp. nov., and a brief account 
of the bionomics and development. Stiliger gojxil/u is a hardy form 
and affords good scope for study under laboratory conditions. Cap- 
tivity affects neither its normal activities nor its breeding habits. 

[ 435 ] 
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O’Donoghue (48). Vayssiere (69) treated Ercolania as a separate genus ; 
and Bergh' and Eliot (20) have described new species of Ercolania. In 
iny view the genus Ercolania is distinct from Stiliger in that the former 
has canaliculated grooves in the rhinophores. This character, though 
minute, is quite distinct, and a similar difference in the nature of the 
rhinophores also distinguishes Hermaea from Stiliger, 

External Features of Stiliger gopalai, sp. nov. 

The animal (PI. VII, figs. 1, 2 and 5) has the general appearance of 
an Eolid and measures when fully expanded 11 to 12 mm. in length 
and 4 to 4*5 mm. in breadth. The ground colour is deep brownish gray 
speckled with yellow here and there. The yellow colour completely 
disappears on preservation and the depth of the gray varies with the 
jdiysiological condition of the animal. When kept in captivity with- 
out food for a couple of days, the gray fades into a pale colour. The 
dark gray colour of the dorsal part of the snout is striking with a pale 
yellow streak running on either side of this area beginning from the 
base of the dorsal t(‘ntacl(‘ and extending up to the anteriorinost cerata. 
Tlie rest of the dorsal surface* and tin* sides are finely spoflxMl yellow 
with the region surrounding tin* anus slightly pale. The yellow spots 
are v(*ry minute in the ant(‘rior half of the back and comparatively large 
in tin* posterior half. 

The snout, 1*75 mm. in length, is mon* or less convt‘x dorsally. and 
slightly notclu'd in ihe anterior middle region over the mouth giving 
the app<*aratice of two minute lumps, one on either side, which r(‘pr('sent 
the thickenings of the outer lips (PI. VJl, tig. 3, la.). The snout bears 
untero-dorsally a pair of smooth, long, slender anrl pointed tentach‘s 
or rhinophores measuring about 3 to 3*25 mm. in length. A pair of 
dark, minute eyes is seen through the transparent integument covering 
the neck region behind the dorsal tentacles. 

The part that follows the neck is conspicuously broad and bears 
tlu' dorsal papillae or the cerata, w^hich are arranged in two longitudinal 
bands, one on either side of the back leaving the middle region ban* 
throughout its length. Each band appears at first sight to consist of 
t wo or more rows of cerata, but as in Stiliger bellulm the arrangement 
is irregular. The cerata are 3 mm. long, neither very slender nor very 
n\uch inflated. They are dark gray with distinct white tips, and reveal 
all over their surface microscopical white dots representing the gland 
cells (PI. VII, fig. 4, 0. gl.). Such gland cells are also seen at the bases 
of the rhinophores. Each band consists of thirty to forty cerata, of 
which, as a rule, the anterior ones are the smallest and the posterior 
the longest ; but the autotomy of these organs and their subsequent 
regeneration are so common that small and minute cerata may appear 
occasionally at any region in the band. The hepatic ramifications 
(rf. gl. r.) extending into the cerata show only one main stem which gives 
off but a few minute branches. When the animal is disturbed the gland 
cells secrete a copious, whitish, slimy, pungent-smelling fluid, and the 


1 Beitr. Z. Kennt. der Aeolidiaden— Fcr. k.k. loot. Bot. Oessel, Wien., V, (1878) 
referred by Eliot (80). 
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cerata break off spontaneously as in Tergipes and Gahina. The cerata 
thus cast off swim freely in water in all directions by means of their 
cilia and may continue to be active for nearly a week. 

The foot, which is 1 mm. wide, is considerably narrower than the 
back and extends from one end of the body to the other, tapering 
posteriorly into a fine filamentous tail nearly as long as the rliiiiophore. 

It is pale yellow in colour and bears a few minute, yet distinct, white 
spots. 

The middle of the anterior region of the foot is slightly grooved with 
its antero-lateral edges rounded into two small lobes. The narrow 
foot seems to be adapted to the habit of creeping on filamentous algae 
{Chae(nmorpha) which form its chief food. Movements of the animal 
from place to place are effected by waves of muscular contractions 
characteristic of all Gastropods. When the animal creeps from one 
filament of the alga to another lifting up the anterior part of the l)o<lv, 
the muscular contractions of the foot are clearly seen in the region which 
is raised above the substratum. The cilia of the foot are in constant 
action but they only play a secondary part in the locomotion of the 
animal. 

The mouth, a vertical slit, is anterior and median and lies imme- 
diately above the median cleft of the foot ; and the anus (PI. VII, fig. I, 
nw.), which opens out to the exterior on a minute papilla, is dorsal and 
median, lying in front of the pericardium. The genital openings are 
tlirc'c in number and are situated on tin* right side of the body in tlie 
neck region. Of these the male genital or the penial opening (PI. VII, 
fig. 5, op. pen.) lies foremost immediately beneath the right eye. The 
second in order is the oviducal opening (op. ov.) for the purpos(i of spawn- 
ing, which lies close behind the male genital opening. Ihe third, the 
vaginal (op. va.), is situated some distance from the other two beneath 
the first or the second cerata of the right side. The ampulla of the 
vagina, which lies closely pressed to the integument, shows an external 
demarcation as a pale white scar behind the vaginal opening. 

Histology of the Body-Wall and the AW. -The body- wall is thin, 
soft and smooth and consists of an outer ecto(h*rmal epithelium of vary- 
ing thickness formed of pigment cells. The pignnmt is, however, al)seTit 
in the cells lining the labial folds and the region immediately surround- 
ing the anus. The lining epithelium of the rhinophores, the labial folds 
and the cerata is provided with vibratile cilia, but that of the Imck and 
the sides is without any cilia. Associated with the dermal epithelium 
are seen two types of glands, i. e., the mucous and the odoriferous glands. 
The mucous glands are either unicellular or multicellular and stain 
darkly with haematoxylin. The comparativedy large-sized, flask-shaped 
odoriferous glands are multicellular and are particularly numerous m 
the head region at the bases of the rhinophores and all over the cerata. 
They lie beneath the epithelium and open to the exterior by short necks. 
Beneath the dermal epithelium there is a loose connective tissue traversed 
by muscle fibres and blood sinuses. 

The foot (PI. VIII, fig. 1) has an outer ciliated epithelium of columnar 
ciliated cells (dx.) with a thin cuticle separating the cells from the cilia. 
Beneath this epithelium lies the dermal connective tissue penetrated 
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by muscle strands (m.f) and blood sinuses. The mucous glands are 
either unicellular (m,g,) and interspersed between the epithelial cells, 
or multicellular (m.m.jr.) and sub-epithelial. They open to the exterior 
through minute cr 5 rpts (cr.) and secrete a copious quantity of mucus 
which aids the animal to creep easily on any substratum or to cling 
to the surface of water with the ventral side upwards. 


Digestive System. 

The digestive system of Stiliger was first studied in S. bellulus by 
Milne-Edwards ( 19 ). He observed a number of ramifications of the 
gut in the dorsal papillae and other external organs, and believed that 
there was a definite communication of the digestive organs with the 
vascular system in those regions. He accordingly termed this appara- 
tus, the gastro-vascular system, which, as remarked by Alder and Han- 
cock (6), “ he compares to the system of vessels radiating from the 
stomach of the Medusidae on the one hand, and to the caeca connected 
with the digestive organs of the Nymphons among the Crustacea on the 
other.” The work of Quatrefages ( 48 ) on Eolidina paradoxum confirmed 
the results obtained by M.-Edwards. His ( 49 » 60 ) further investiga- 
tions on the subject led him to establish the Order Phlebcnterata, to 
include certain forms allied to Stiliger such as Acteonia^ Chalidis etc., 
whicli were supposed to exhibit what he called ‘ phlebcnterism \ He 
believed that the members of this order suffered a very great deteriora- 
tion of the vascular system, the heart and the blood vessels being com- 
pletely absent, and that the digestive system was likewise modified. He 
believed that the anus was absent in all these forms, and that the ali- 
mentary system discharged the double function of digestion and 
circulation. The researches of Alder and Hancock, and of Souleyet 
and others did not confirm Quatrefages' observations. After much 
controversy over the subject, the Biological Society of Paris proved 
definitely that the conclusions arrived at by Quatrefages were erroneous 
and that in all the Phlebenterata theje is a definite circulatory system 
independent of the organs of digestion. 

In Stiliger gopalai the mouth is a narrow sht placed on the inferior 
side of the head and bounded by a pair of fleshy lips (PI. VII, fig. 3, h,), 
which are continuous with each other except for the presence of a deep 
furrow running in the median line above the mouth. The ectodermal 
epithelium of the lips is ciliated and is invaginated evenly into a short 
and narrow passage, the channel of the mouth. The epithelium (PI. 
VIII, fig. 2, epi,) of the channel of the mouth has a number of 
small crypts (cr.) along which the numerous club-shaped glands (b,gh) 
of varying sizes open by their slender ducts. These glands correspond 
to the buccal or oral glands of Opisthobranchiata described by several 
authors. Posteriorly the channel of the mouth leads into a pale white, 
muscular organ, the pharyngeal bulb or the bucco-pharynx (PI. VII, 
fig. 7 and PI. VIII, fig. 3, ph,), 0-7 mm. long, 0*6 mm. high. This organ, 
which is suctorial in function, is provided with a radula an<i an ascus 
(as,) and receives the discharge of a pair of salivaiy glands (s^gh). The 
lumen of the pharyngeal bulb is lined by an epithelium of columnar 
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non-ciliated cells, the secretion of which forms a thin cuticle lining the 
entire interior of the pharyngeal bulb. 

At the base of the lips and guarding the entrance to the mouth there 
is a ring of circular muscles acting as a sphincter. From this region 
several strands of muscles forming the anterior retractors pass back- 
wards to be attached to the anterior region of the pharyngeal bulb. 
The paired posterior retractors of the pharyngeal bulb proceed back- 
wards from its sides to the foot. By the action of these two sets of 
muscles the pharyngeal bulb moves backwards and forwards. 

The radula (PI. VIII, fig. 4) measuring 0*6 mm. in length lies ven- 
trally in the pharyngeal bulb. It is of the uniseriate type character- 
istic of all Ascoglossa. It shows (i) a straight ascending axis bearing 
five well formed teeth and one growing tooth surrounded by odontoblasts 
in a short horizontally placed radular sac, (ii) a descending axis of seven 
teeth proceeding towards the ascus and (iii) the ascus itself, a minute 
pouch an tero- ventral to the pharyngeal bulb and containing a small 
heap of about twenty worn out teeth. Throughout the life of the ani- 
mal the odontoblasts in the radular sac continuously secrete material 
for the formation of fresh teeth, while the worn out teeth are being stored 
in the ascus. The teeth (PI. VIII, fig. 5) are all of the same shape and 
size. Each tooth is 0*125 mm. long, and has a wavy margin. One 
half of the tooth bears a spoon-shaped depression into which the tooth 
behind closely fits. The teeth closely resemble those of StiligcT varians 
and Ercolania siottii. On comparing the radula of this form with that 
of S, bellulus (syn. S. 7 nariaey Bergh 1872, Taf. 26, fig. 6) we find that 
in the latter the descending axis is spirally coiled and shows a larger 
number of teeth, broad at their bases and narrow and pointed at their 
apices. 

The animal possesses a pair of slender salivary glands (PI. VII, fig. 7, 
and PI. VIII, fig. 3, s.gl) measuring about M mm. in length and 0*1 mm. 
in thickness. The great development of the anterior genital complex 
on the right side has pushed the glands to the left of the oesophagus. 
A pair of narrow salivary ducts nearly as long as the glands, and 0*017 
mm. thick, pass through the nerve collar and open into the pharyngeal 
bulb, one on either side of the oesophagus. The gland (fig. 6) is 
posed of large cells (gl.c,) with small ciliated interstitial cells (ci.e.) wedge 
in between. The glandular cells are cubical, highly vacuolated and 
contain a large number of granules. The secretion of the gland 
is poured into the central lumen and is driven forwards by the ciliary 
action of the interstitial cells. The duct of the gland is formed of an 
inner layer of low ciliated cells and an outer layer of thin fibrous tissue. 

The oesophagus (PI. VII, fig. 7, and PI. VIII, fig. 3, oe.), a thin 
semi-transparent slender tube 1*2 mm. long, starts from tlm postero- 
dorsal region of the pharyngeal bulb (immediately behind which it is 
encircled by the central nervous system) and running backwards 
beneath the spermatheca communicates with the stomach (st,). It 
has an inner layer of tall columnar ciliated cells and a thin 
muscular layer. There is no oesophageal caecum as in Mysia mridis. 
Souleyet (67) figured a caecum in S. souleyeti describing it as the first 
stomach. Neither Bergh nor Eliot has described an oesophageal 
caecum in any of the species of Stiliger. 
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The thin-walled and roughly triangular stomach (si.) which k shorter 
and wider than the oesophagus, lies medially above the ampulla of 
the hermaphrodite duct and in front of the pericardium. The inner 
wall of the stomach is longitudinally plicated and lined by a layer of 
low columnar ciliated cells. The stomach receives its nerve supply 
from the gastro-oesophageal plexus formed by the anastomosis of gastro- 
hepatic and gastro-oesophageal nerves from the visceral and the stomato- 
gastric centres respectively. A pair of diverticula (PI. VII, fig. 7, di.) 
opens posteriorly into the stomach, one on either side ; and each of these 
gives two caecal prolongations (ca.), anterior and posterior, running 
along the sides of the body. These caecal prolongations in their turn 
communicate with the glandular ramifications (d.gl.r.) of the digestive 
gland present in the cerata. The lining of the diverticula and of the 
caecal prolongations is ciliated like that of the stomach, but has no folds, 
and its cells are very short. 

The ramifications of t he digestive gland of Sfiliger penetrate into 
the cerata as in the alli(‘d genera Hermaea and Ercolania. In aS. gopaJai 
there is only a single main stem in each of the cerata (PI. VII, fig. 4, 
d.gl.r.), with but a few minute short branches. In S. bellulus and S. 
teniaculalus a number of fairly long branches fill up the large* space in 
the cerata. The digestive gland is grayish green in life, and though 
very miudi diffuse it lias the same histological structure as in lutlwga 
ornala (Rao, 62). The glandular epithelium (PL VIIl, fig. 7) lining 
the ramifications, projects in the form of folds into the central lumen 
(!) and is formed of tall columnar and short cubical cells. The latter 
are few in number. Their cytoplasm is vacuolated and contains 
granular inclusions (gr.) of several kinds. The digestive gland in 
Mollusca is a hepato-pancreas, but it is supposed to discharge the 
function of excretion also. 

The short intestine (PL VII, fig. 7, mt.), 0*5 mm. long, arising antero- 
dorsally from the stomach, proceeds upwards and is continued as an 
extremely short rectum to the anus situated medially on the dorsal 
l)ody wall in front of the pericardium. The intestinal walls are composed 
of an outer fibrous layer of spar.se musculature and an inner glandular 
layer of tall columnar ciliated cells. The rectum does not differ to any 
extent from the intestine in histological structure. 

S. gopalai, like the rest of the members of the Sub-Order A.scog- 
lossa, is a vegetable feeder. Even in captivity the animal feeds voraci- 
ously on Chaetomorpha only, preferring starvation to feeding on other 
algae. In the act of feeding it rests on a thread of alga and applying 
its mouth to one of the cells, punctures it with the outermost tooth of 
the radula. This is brought about by the contraction of the anterior 
retractor muscles, which shortens the channel of the mouth. Imme- 
diately after the puncture is made the suctorial pharynx begins to work 
emptying the contents of the cell. When the feeding animal is watched 
under a binocular microscope, the pharyngeal bulb is seen through the 
translucent skin to contract and expand very rapidly sucking in the 
juice and driving it through the oesophagus into the stomach and the 
caecal prolongations of the digestive system. After emptying one cell 
of the algal thread it moves on to the next and repeats the same process. 
When young specimens without much pigment or the pale semi-starved 
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adults are watched under tlio binocular microscope after feeding on the 
algae for about a quarter of an Imur the course of tlie gut is clearly seen 
through the integument because of the bright green colour of tlie algal 
juice. It is also observed that the cerata expand and contmct inde- 
pendently of one another driving the contents oi tlie caecal prolonga- 
tions into tlie ramifications of the digestive glaiul and back again into 
the former. The sphincter at the base of each of the c(»rata controls 
this action. 


ClRCULATOnV ANT) KkSPIKATORY SySTRMS. 

The organs of circulation are very simple and consist of the heart, 
the blood vessels and the blood sinuses. TIh' h(*art (PI. VTII, tig. 8) 
is a two-chambered muscular organ consisting of an auricle {au,) and 
a ventricle (c.) enclosed in a thin transparent UKunbranous sac, the 
pericardium {pc.). The oval pericardial chamber, about 2*25 mm. long 
lies behind the anus, immediately biuieath the dorsal body wall. As 
is common in all Mollusca, it is coelomic in origin. It (*ommunii‘ates 
with the rimal organ by the reno-pericardial opening {r.p.o.) situati'd 
posteriorly on the right side. Through tlu* semi-transpanmt wall of 
the dorsal surface the heart is seen to pulsate about forty tinu'S pi^r minute. 
The walls of the auricle and the ventricle in the. live animal are thin, 
muscular and transparent. There is no (‘iidotlu^lial lining to the auricle' 
or the ventricle. The auricle rec(*ives several minute veins pos- 

teriorly and pumps the blood into the ventricle. The auriculo-ven- 
tricular opening is provided witli a pair of valves, whii'h prevent the 
flow of blood back into the auricle when the ventricle contracts. Tlu*. 
aorta arises from the anterior part of the ventricle and runs forward 
supplying blood to all the visceral organs and the foot, from which it 
is brought into the general body cavity. From the general body (^avity, 
winch is a hacmocoel in all Gastropods, the blood enters into a numlier 
of sinuses in the integument and tlie cerata. The blood brought to th(‘se 
organs is aerated and is collected by various small veins which join toge- 
ther to form a few main trunks that open into tluj auricle. 

The function of respiration is performeil by the entire integument 
and the cerata. The sinuses, filled with blood present in tlu'se organs, 
are bounded by loose connective tissue and are separated from the ex- 
terior only by a thin dermal epithelium. At'ration takes place effec- 
tively in these organs. The cerata do not, however, discharge exclu- 
sively the function of respiration as when all the cerata are lost the ani- 
mal remains normally active. For this reason, some authors pride'r 
the term dorsal papillae to cerata, which is a near iipproach to the cteni- 
dium or the true gill. 


Renal System. 

The renal system (PI. VIII, fig. 8.) consists of a thin-walled renal 
chamber or the kidney (^.c.) which is coelomic in origin like the peri- 
cardium (pe.). It is situated immediately behind the pericardium and 
extends almost to the posterior end of the body. From the anterior 
right corner it gives off a diverticulum {di.r.) which, after communicat- 
ing with the pericardial chamber by means of the reno-pericardial 
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opening (r.p.o.), nins forward on the right side of the pericardium close to 
the body wall, and turning to the left in front of the pericardium opens 
out medially on the dorsal body wall by the renal pore (r.o.) situated 
immediately behind the anus. The renal chamber and its diverticulum 
are lined with small cubical cells with vacuolated cytoplasm and basally 
placed nuclei. The reiio-pericardial opening is without a funnel, and 
provided with short ciliated cells. The extremely minute renal pore 
can only be made out in serial sections of the kidney and is lined by a 
ciliated epithelium which is a continuation of the general epithelium 
of the body wall. 

Nervous System and Sense Organs. 

Souleyet (67) remarked on the nervous system of Stiliger soulcyeti 
(syn. Galliopaeu souleyeli) as follows : Le system nerveux resemble 
a cellui des Tergipcs ; les ganglions qui composent dans des connextions 
un pen differentes, (fig. 27 et 28) l^es yeux ne sont pin aussi en rapport 
immediant avec les ganglions cerebraux.” His diagrams represent 
the dorsal and the ventral aspects of the brain alone, and indicate the 
origin of three nerves from the cercbro-pleural ganglion, one. from the 
pedal, two from the abdominal and three from the supra-intestinal. 



Text fkiurb. 1. — Central nervous system dissected out and highly magnihed to 
show the various gangUa and the origin of nerves. 

From his drawings it is, however, clear that the sub-intestinal gang- 
lion is absent, but neither the ganglia nor the nerves are named. Later, 
Bergh (9) and Eliot (25 and 26) did not give any account of the nervous 
system in their de^riptions of Stiliger ; and thus the nervous system 
in the genus remains practically unknown. 
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The animals being extremely small, the investigation of the various 
ganglia and the numerous delicate nerves in particular was very difficult. 
Dissections were made under a binocular microscope focussing a strong 
beam of light from an illuminator on the object. The methods adopted 
by Russel (64) for the investigation of the nervous system of Elysia 
viridis have been followed here with success. 

The central nervous system of Stiliger gopalai consists of four pairs 
of oval, pale white ganglia placed immediately behind the pharyngeal 
bulb forming a ring round the oesophagus. There are a pair of cerebro- 
pleural ganglia (text fig. 1 and PI. VIII, fig. 9, c.g.), a pair of pedals 
(p.g.), a pair of viscerals (ab,g, and s.i.g,) and a pair of buccals (b,g.). 
The cerebral and the pleural centres are fused together to form the 
cerebro-pleural ganglia, which arc united above the oesophagus by a 
short cerebral commissure. The cerebral centres arc also joined below 
the oesophagus by a very delicate connective, the cercbro-biiccal commi- 
ssure (C.6.C.), which bears a pair of minute and elliptical buccal ganglia 
(b.g.) lying posteriorly on the pharyngeal bulb. The pleural centres 
are likewise joined beneath the oesophagus by the visceral loop bear- 
ing a pair of visceral ganglia of unequal size. Of these two ganglia, 
the one to the left, the abdominal (ab.g.), is bigger and the other to the 
right, the supra-intestinal (s.i.g,), is comparatively small. The two 
are joined by a short connective between them. Tlie supra-intestinal 
is joined to the right pleural centre by a short commissure, and simi- 
larly the abdominal to the left pleural centre. The pedal ganglia (p.g.)t 
which are of the same size as the cerebro-pleurals, lie posteriorly be- 
neath the cerebro-pleural ganglia and are joined by the pedal commi- 
ssure lying beneath the oesophagus. The pedals are also connected 
to the cerebral and the pleural centres by means of the cerebro-pedal 
and the pleuro-pedal connectives respectively. 

Eight pairs of nerves arise from the cerebro-pleural ganglia, of which 
the first six are cerebral nerves from the cerebral centres and the re- 
maining two arc the anterior pallial nerves^ from the pleural centres. 
The first pair of cerebral nerves (text. fig. 1 and PI. VIII, fig. 9, cl.), 
which is comparatively stout, arises from the antero-dorsal region of 
the cerebro-pleural ganglia and proceeding forward divides at the bases 
of the rhinophores into several branches to innervate these organs. 
This pair of nerves does not bear any discrete ganglia either at the pro- 
ximal or the distal end. The second pair (c2.) arising in front of the 
first pair, reaches the labial folds and supplies them with several minute 
branches. The third pair (c3.) innervates the channel of the mouth and 
the retractors of the pharyngeal bulb. The fourth pair (c4.) is extremely 
delicate and supplies the pharyngeal bulb itself. The fifth (c6.) and 
the sixth pair of cerebral nerves supply the eyes and otocysts respec- 
tively. The optic nerve (c5.) bears a small optic ganglion (op.g.) as 
shown in PI. VIII, fig. 9. The otocyst (text. fig. 1, ot.) being sessile, its 
nerve is extremely short. The anterior pallial nerves {a.pa.l and a.pa.2.) 
arise from the junction of the pleural and the pedal centres. The first 
of these two pairs proceeds anteriorly and supplies the sides of the neck 


1 The terminology followed here with reference to the various nerves is essentially 
that adopted by Rnssel (64). 
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region, while the second pair turns behind to supply the sides of the 
animal immediately behind the neck. The first pallial nerve of the 
right side gives off a short branch (n.p.) to supply the penis-pouch and 
the vas d(*fcrens. Owing to the fact that this nerve arises from the 
jiimition of tlie pleural centres and that a few fibres pass from the pedal 
ganglia into this nerve, the innervation of the penis was believed by 
some, authors to be pedal. 

Three pairs of nerves arise from the pedal ganglia(pl, p2 and p3.) 
to supply the entire length of the foot. The pedal nerves, compared 
to oth(*r nerves, are fairly stout. 

Thre(» pairs of very delicate nerves take tlieir origin from the buccal 
ganglia, of wliich the first pair (PI. VIII, fig. 10, h.n\.) arises ajiteriorly 
from the l)uccal ganglia and innervates the radular sac. The second 
pair (h:rf2.) arising lat(‘rally close to the cerebro-bucc.al connective {c.li.c.) 
supplies the pharyngeal bulb. The nerves forming the third pair (h.n^.), 
known as the gastrO'Oesop]iag(*al nerves, arise directly from the anterior 
nuddle region of the buc(‘al ganglia (bj/.). There are no gastro-oeso- 
phageal ganglia. Th(» gastro-oesophageal nerves (b.n^.) prof^eed hind- 
ward remaining in close contact with the oesophagus. Along with 
the oesophagus and the ducts of the salivary glands they pass ’through 
th(* m‘rve i-ollar and proc(H‘(l ventrally on the wall of the stomach ending 
in a pair of minute ganglia (r/.). The gastro-oosophageal nerves in the 
region of the o<*sophagus and the stomach bear a num})er of small gang- 
lion cells if). From all these ganglion cells nerve fibres start and 
ratnify on tlu* surface of these organs. Posteriorly this n(‘twork joins 
a similar ramification derived from the gastro-hepatic nerve supply 
of the abdominal ganglion. 

Thert* are only two visceral ganglia, viz., the abdominal and the 
supra-intestinal ganglia (PI. Vllf, fig. 9, ab.g. and s.i.g.). As in Lima- 
ponfia the sub-intestinal ganglion is absent since it is fused with the 
pleural centre of tlie left side. A single nerve, the posterior pallial 
(p.pa.), arises from the sujua-intestinal ganglion and passing beneath 
the spc'rmatheca reach('s the dorso-lateral region of the integument 
and imuTvates it. The corresponding 'nerve of the left side (p.pd.) 
takes its origin from the jumdion of the pleural and the abdominal centres 
since the sub-intestinal is absent as already stated. A branch from the 
main nerve of tlie supra-intestinal ganglion .innervating the pericar- 
dium, the aorta and the kidney has been described by Russel ( 54 ). 
Owing to the minuteness of this branch 1 was unfortunately not able to 
trace it. 

Four extremely delicate and ganglionated nerves, the visceral nerves, 
take their origin from tlie posterior face of the abdominal ganglion. 
The first of these nerves (vl.) proceeds beneath the oesophagus and 
reaching the mucous gland ends in a small ganglion (ge.g.) from which 
a ramification of nerve fibres spreads all over the surface of the mucous 
gland and the vagina forming thus the genital plexus. This nerve, 
before it ends in the genital plexus, gives a short branch, the right hepato- 
gastric nerve (r.h.g.), which supplies the right side of the stomach and 
its diverticulum of the same side. The second visceral nerve (v2.) from 
the abdominal ganglion is seen as a thin wavy line passing by the side 
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of the oesophagus on its left side. It proceeds nearly to the posterior 
region of the left side of the stomach and forms the gastro-liepatic plexus. 
The third nerve (v3.) passes by the side of the intestine and after giving 
a short branch {udu.) to that organ proceeds hindward to innervate 
the aorta, the heart, the pericardium aiul tlie renal <‘Jiambcr (p.c.r.). 
The fourth of the visceral nerves (v4.), which takes its origin from the 
lower surface of the abdominal ganglion, innervates tlu' ampulla of the 
hermaplirodite duct. 

The organs of special senses consist of tlie e}^\s, the otocysts, llu» 
rhinophorcs and the labial folds. Besides these the dorsal papillae*, 
and the whole of the ext(‘rnal surface of the animal serve as organs of 
touch. 

A pair of dark minute eyes (ey.) lies beliind the* rliinophon*s imme- 
diately beneath the integument covering the ne(;k region. Tlie of)tic 
nerves are long and bear the optic, ganglia (op.fp). Kach eye is cnclosc'd 
in a thin membranous capsule and shows a black pigmented caip-shapcd 
retina, a round globular l(*ns and a thin transpar(*nt (U)rnea. The optic, 
nerve enters the eye from its lower surfaia* ami innervates the retinal 
cup. The otocysts (t(*xt. fig. I, of.) are a pair of minuti* bodies })lac(‘d 
close to the pedal ganglia, but they r(*c.eiv(‘ th(‘ir nerve* supply from 
the cerebro-pleural ganglia.. Kach otocyst coni ai ns a. singh* otolith. 
These are tin* earli(*st sense organs to make* their a])f)(‘ara.n(H* in tin* 
c,ourse of development and s<*rve as the balancing organs. 

The rhino])hor(*s are smooth, pointed at th<*ir tips, and without the 
groov<*s fouml in Ercolania, They are provi(h*d with a ciliated epithe- 
lium and receive their nerv^e supply from the first pair of cerebral ganglia. 
Their function has been believed to be olfactory by some authors [Alder 
and Hancock (6), Hancock and Embleton (^), and Eliot (26) |, but 
Agersborg (2) is of opinion that they respond only to a g(*nera.l (diemical 
stimulus. 

The labial folds lie on eith<*r side of the mouth as fl(*shy thick(*nings. 
They are provided with vibratile cilia and rcc(*ive their innervation 
from the second pair of cerebral nerves. They are suppos<*d to be the 
seat of the sense of taste. 

Reproductive Systejm. 

The organs of reproduction of Sliliger wen* first studied Iiy Soulcyet 
(57) and later on by Bergh (9). As the complicated ducts and their 
glandular annexes are imperfectly understood, I propose to dc'seribe 
them in this species in somewhat greater detail. The gcmeral arrang(‘- 
ment of the ducts and the position of the glands arc. v(*ry much as in 
Limapontia nigra describ(?d and figure<l by Alder and Hancock (5). 

In S. gopalai the reproductive organs (PI. VIll, fig. 11 and PI. IX, 
fig. 1) occupy by far the largest space in the peri-visceral cavity and 
consist of numerous follicles of the hermaphrodite gland, the herma- 
phrodite duct and the anterior genital complex. The follicles of the 
hermaphrodite gland (PI. VIII, fig. 11, hr.gL) are reniform and small 
in size, each measuring about 0-6 mm. along its long axis. Most of 
them lie close to the integument, and in life the yolk-laden eggs give 
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a pale yellow colour to them. As in all Ascoglossa described by Pelse- 
neer (48) and Eliot (26), each follicle produces spermatazoa as well as 
ova. Sections of the animal fixed in Brasil’s modification of Bouin’s 
fluid and stained with iron haematoxylin and eosin show the follicles 
clearly. Each of the follicles has a thin germinal epithelium close to 
which lie-a number of spermatocytes and oocytes of all stages of growth. 
Besides these, there are always well developed sperms and eggs. Each 
ovum is filled with granules of yolk, and has a fairly large nucleus and 
a nucleolus. The sperms are found in clusters and each possesses a 
sinuous head (which is deeply stained by haematoxylin) and a long 
tail (stained red by eosin). The follicles have the same histological 
structure, but for convenience of description may be divided into (i) 
an anterior group placed in front of the left hepatic diverticulum and 
to the left of the oesophagus ; and (ii) a comparatively large posterior 
group occupying almost the entire posterior half of the body behind 
the hepatic diverticula. The thin, minute, transparent ductules (PL 
VIII, fig. 11, du.) arising from the follicles (hr.gl.) of each group form 
a small duct. The duct from the anterior group (hr.dl.) passes beneath 
the hepatic diverticulum and meets its fellow {hr.d2.) from the posterior 
group about the middle region of the body to form a common, herma- 
phrodite duct (hr.d.). The hermaphrodite duct is very narrow and thin 
at its origin but has an abrupt, opaque, whitish dilatation in its course 
called the ampulla (fir.am.) about 2*6 mm. long and 0-5 mm. thick. 
After passing forwards beneath the stomach and the oesophagus it turns 
to the right becoming narrow again on reacliing the anterior genital 
complex. 

The anterior genital complex (PI. VIII, fig. 11 and PI. IX, fig. 1) 
is placed to the right side of the oesophagus and the stomach, and is 
disproportionately large in relation to the size of the animal. It con- 
sists of the male genital organs (pen., pefi.s., pr.d.), the oviducal organs 
{al.gl. and mu.gl.) and the apparatus consisting of the vagina (m.a.), 
the vaginal canal {va.c.) and the spermatheca {spt.) for receiving and 
storing sperms during coitus. In order to show the narrow part of the 
hermaphrodite duct and its communication with the male genital and 
oviducal organs, it is essential to remove the entire spermatheca (with 
its outline shown in dotted lines in PL IX, fig. 1). The downward 
loop of the mucous gland is slightly twisted to the right so that the 
bulged part of the vaginal canal {va.d.) and the duct of the prostate 
ipr.d.)^ which lie normally ventral to the anterior region of the mucous 
gland (mu.gl.), come in direct view, with the short communication be- 
tween them clearly seen. 

The narrow terminal region of the hermaphrodite duct communi- 
cates anteriorly with the vas deferens (PL IX, fig. 1, v.d.) and ventro- 
laterally with the oviducal organs (al.gl. and mu.gl.). The vas deferens 
is an extremely narrow and short duct which swerves round the penis 
pouch (pen.s.). The latter lodges the penis, which, in a retracted condi- 
tion lies inverted and in expanded condition becomes everted and push- 
ed out through the male genital opening situated on the right side of 
the neck immediately behind the eye. It then assumes a conical form 
beairing at its tip a minute reourv^ crystalline stylet (PL IX, fig. 2). 
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The vas deferens is continued through the penis and opens out to the 
exterior by a small perforation present at the tip of the stylet. A duct 
(PL IX, fig. 1, pr.d.) from the prostate gland joins the vas deferens at 
the point where the latter communicates with the hermaphrodite duct. 
It runs backwards communicating with the vaginal canal, and at a point 
where the stomach receives the hepatic diverticula, it divides into two 
branches. Following the course of the hepatic diverticula the branches 
reach the body wall on either side, each dividing into two slender ducts 
(PI. VIII, fig. 11, pr.dl. and prd2.). One proceeds anteriorly and the 
other ‘posteriorly parallel to the caecal prolongations of the digestive 
system, communicating with the glandular ramifications of the pros- 
tate gland (pr.r.) in the cerata. The branch nirming anteriorly along 
the right side of the animal is much shorter than its fellow on the left 
and is supplemented by another branch that joins the main duct directly. 
In life the ramifications of the prostate are slender and pale white in 
contrast to the stout and grayish -green ramifications of the digestive 
gland found in the cerata. In transverse sections of the cerata the 
slender branches of the prostate arc seen close to the outer wall with 
the granular contents of their cells stained d<M'ply with cosin ; whereas 
the digestive gland occupies the central space with the granules of its 
cells stained densely with haematoxylin. 



Text FiOOBS 2. — Transverse section of the albumen gland. X600. 

A small translucent albumen gland (PI. IX, fig. 1, al.gl.) and a large 
transparent mucous gland (mu.gl.) belong to the oviducal organs. The 
albumen gland lies ventral to all other parts of the anterior genital com- 
plex and is paired being divisible into two rami, each about 1'75 mm. 
long. The length of the gland varies with the numbers of eggs passir^ 
into it. In preserved specimens its surface is much lobed. There is 
a single short duct arising from the gland, which, along with the mu- 
oous gland contununicates with th© terminal region of the hermaphrodite 
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duct as already stated. The albumen gland of Stiliger corresponds 
to the opaque and greatly coiled albuminous part of the muco>albumen 
gland of the Nudibranchs in general, but here it is much more simple. 
The gland is tubular in section (text fig. 2.) and has a thin outer layer 
(o.f.l.) of fibrous tissue with a few strands of muscles and a compara- 
tively tliick inner layer formed of groups of large glandular cells {glx.) 
alternating with small ciliated interstitial cells {ci.e.). The cytoplasm 
of tlio glandular cells reveals large granules {gr.) staining deeply with 
ha(‘matoxylin. There are indications that this gland provides the 
albumen that surrounds the egg and also the outer capsule. The muc- 
ous gland (PL IX, fig. 1, mu.gl.) is about 3*5 mm. long and 2*5 mm. wide 
and lies along the right side of the body. In dissecting specimens pre- 
served in formalin the gland swells up on contact with water, frays out 
and loses its sliape. Specimens preserved in alcohol are for this s/^ason 
pri'ferred. The mucous gland is a simple wide roughly U-shaped tube 
lined with tall columnar glandular ciliated cells (PL IX, fig. 3) and opens 
out to th(‘- exterior hy the oviducal opening (fig. 1, op.ov.) situated im- 
mediately l)ehind the male gtuiital opening. The nuclei {nu.) of the 
gland (‘-(‘11s are basal, and the ccdls which stain deeply with eosin contain 
very litth^ e-ytoplasm (cy.). The slimy transparent secjretion of this gland 
exiuh's with t-h(‘ eggs at th<^ time of oviposition through th(i oviducal 
opeming. 

The vagina (vaM.), its passage and the spermathc'ca (spt.) constitute 
the apparatus for receiving the sperms during copulation. These are 
collectively termed ' the androgynous organs ’ by some authors [Alder 
and Hancock (6)], In tracing back these organs from the vaginal open- 
ing (op.va.), we find that the latter leads into a small tubular passage, 
wliic-h at once dilates into what is called the ampulla of the vagina (va.a.) 
which is about 0-2 mm. long. The narrowed vaginal passage (m.c.) 
runs at a right angle to the ampulla on the surface of the mucous gland, 
and proceeds parallel to the main duct of the prostate (pr.d.) which 
is continued as a small dilatatjon {va.d.) at the anterior region of the 
mucous gland. In figure 1, this dilatation communicates on the right 
with the duct of the prostate (/>r .(/.), on the left with a short duct leading 
to the sperjnatheca (spt.) and ventrally with the oviducal organs (al.gl. 
and mu.gl.). The ampulla of the vagina and its long narrow passage 
are lined internally by a layer c^f low ciliated cells. The dilatation of the 
vaginal passage close to the mucous gland is likewise ciliated, but th(i 
cells lining it are peculiar in that they resemble the cells of the mucous 
gland, though they are much shorter in length. The spermatheca is 
large and spherical having a diameter of about 2-25 mm. It is situated 
behind the pharyngeal bulb and rests partly on the oesophagus and 
partly on the mucous gland. When full, its contents impart a brown 
colouration to it. It hiis an outer fibrous layer, and an inner glandular 
layer, the cells of which do not bear any cilia. The duct of the sper- 
matheca is extremely short and arises ventrally on its right. Sections 
of the animal show spermatozoa in the vaginal ampulla, in the dilation 
of the vaginal passage and in the spermatheca. 

Souleyet and Alder and Hancock mistook the hermaphrodite gland 
in many of the Elysioid forms for the ovarium and the prostate for the 
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tratis. ^uleyet (67) was apparently not fully aware of the significance 
of the albumin gland and associated it with the male genitalia. This 
gland has been represented by Bergh (9) in S, bellulus as an unpaired 
structure ; but in S. gopalai it is paired as in 8. souleyeti. In 8. beUulus 
the penial stylet is slender and as long as the penis itself ; in 8. pica 
[Aimandale and Prashad (66)] it is extremely short, slender and minute ; 
mo, gopalai it is short, recurved and has the same shape as that of 
Limapontia capitata (Bergh 9, Taf. 26, fig. 21.). 


Breeding and Spawning Habits. 

Animals kept in captivity in brackish water amidst algae in glass 
dishes were often observed to copulate. The details may be observed 
with a hand lens. When two individuals approaching in opposite direc- 
tions come in contact with each other their short, conical penis is us- 
ually exserted. Their right neck regions are brought close together, 
and as soon as the penis of one individual is thrust into the vaginal 
passage of the other, the animals come closer and curve in the manner 
shown in (PI. VII, fig. 6). Muscular spasms pass over them, as they lie 
curled up. The copulation does not last more than three minutes, after 
which the individuals separate. As a rule they do not feed until the 
spawn is deposited. But some animals have been observed to copulate 
more than once before spawning. A few hours after spawning their 
normal movements are resumed until the next stimulus of contact pre- 
pares them for copulation. 

During copulation the sperms from the terminal region of the herma- 
phrodite duct find their way into the vas deferens. The duct of the 
prostate brings directly into the vas deferens a slimy secretion, together 
with which the sperms of each individual are conducted through the 
penis into the vaginal pasage of the other. The sperms thus received 
in the vaginal passage find their way into the spermatheca where they 
remain for some time. As the eggs pass from the hermaphrodite duct 
into the oviducal organs, the sperms from the spermatheca enter into 
the dilatation of the vaginal canal and from there into the oviduct. 
The eggs are then fertilized and are immediately directed into tlie al- 
bumen gland, where they receive a coating of albumen and are enclosed 
in small capsules. They next pass through the mucous gland to the 
exterior along with its secretion. 

Copulation does not seem to be absolutely necessary for the pro- 
duction of fertile ova. Animals kept separately for about a fortnight 
|n confinement produced perfectly healthy and fertile ova, but they 
were observed to deposit fewer strings of spawn at longer intervals. 
This was apparently a case of self-fertilisation. As the animals under 
laboratory conditions spawn an hour or two after receiving the sperms 
of other individuals, it is presumed that in separated individuals the 
sperms have not already been received and stored in some part of the 
reproductive S 3 rstem. If it is remembered that the dilated part of the 
vagm^ passage communicates with the duct of the prostate {vid^ PI. 
IX, fig. 2.), the passage of the sperms from the vas deferens into the 
r^n of the prostate duct and thence through the vaginal passage 

R 
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and the short connecting canal into the oviducal organs to fertilize the 
-eggs is readily explain^. 

The spa\m is usually attached to a clean thread of alga, but in cap- 
tivity it is also deposited on the surface of the glass dish or of water. 
In spawning as observed under the binocular microscope, the oviducal 
-opening becomes widened and the animal bends slightly to the right 
bringing the pressure of the blood to bear upon the anterior genitalia 
by a slight contraction of the posterior region of the body. The albu- 
men gland is extended to twice its normal length and gets filled with 
eggs, which, provided with small enclosing capsules, pass to the mucous 
gland and thence to the exterior through the oviducal opening. As 
the eggs pass out they are arranged in a regular closed anti-clockwise 
spiral. The transparent and sticky secretion of the mucous gland 
» covers the spiral egg-mass completely, giving it the appearance of a 
string and keeping the eggs in position. The secretion becoming slight- 
ly hardened in contact with water, also serves to fix the strings of spawn 
to the algae or to any other surface upon which they are deposited. 
While the spawn is being deposited on an algal thread the animal moves 
forward twisting it round. On a plane surface, however, it assumes 
the form of a crescent. When the spawn is deposited on the surface 
*of water, the animal floats in the usual manner with its ventral side 
upwards, so that the eggs come to lie beneath the surface of water sus- 
pended by the secretion of the mucous gland. Each string of spawn 
t(Pl, IX, fig. 4.) when stretched is 10 to 26 mm. long, 1*25 mm. thick 
5 and contains 700 to 1,600 minute eggs. Two individuals left together 
in water for .a couple of days produce nearly a dozen such strings of 
spawn. As a result of repeated spawning the individuals are much 
reduced in size. The length of the string and the number of eggs in 
it vary with the external environmental conditions. It has been observ- 
ed that while healthy individuals under favourable conditions deposit 
long strings of spawn with large number of eggs, those that are starved 
x)r exhausted deposit only short strings with fewer eggs. 


Notes on Development. 

Of the various workers who studied the development of Opistho- 
branchs, Casteel (18) gave a detailed accoupt of the cell-lineage and 
early development of the egg into a veliger in the Nudibranch, Fiona 
marina. In this paper I have attetopted to describe the more import- 
ant stages in the early development of S. gopalai. The egg (PI. IX, 
fig. 6) is a pale yellow spherical body with a diameter of 70fx surrounded 
by an albuminous, viscous substance, «and is enclosed in a thin, roomy, 
transparent capsule consisting of two laminae. The capsule is slightly 
oval, about 176fji long, but becomes rounded as the egg divides. Occa- 
sionally a capsule of unusually large size with two or three eggs is met 
with. Only one egg, however, grows into a larva at the expense of 
i^he others. The egg has an extremely delicate vitelline membrane 
and finely divided yolk globules distributed almost uniformly through- 
-out the egg. Immediately after spawning, one or two minute polar 
Noodles are seen loosely attached to the egg near the apical r^on. 
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Two hours after spawning, the first cleavage appears, dividing the 
egg into two almost equal cells, which are rounded at first, but later 
flattened at the point of cleavage as they press each other (fig. 6). The 
second cleavage appears two hours after the first at right angles to the 
latter resulting in four cells of equal size (fig. 7). At about the end of 
five hours after spawning, the four blastom>5res divide giving rise to an 
upper group of four micromeres and a lower group of four megameres 
(fig. 8). Further cleavages are rapid with the result that about twenty 
hours after spawning the egg has divided into a mass of minute 
cells. 

At the end of about twenty four hours after spawning, invagina- 
tion followed by the formation of the blastopore begins in the central 
region of the mass of cells at the vegetative pole, (PI. IX, figs. 9 and 10) 
resulting in a gastrula. When the invagination is complete, the gas- 
trula has the appearance of an inverted cup with its longitudinal axis 
shorter than its transverse axis, and its apical region slightly flattened. 
Soon the gastrula becomes elongated with its apical region prominently 
pointed (fig. 11). Increased division of the cells near the blastopore 
causes the region surrounding it to become broader while the blasto- 
pore itself is narrowed gradually until it is reduced to a minute cre- 
scentic slit (fig. 12), which is probably finally closed^. 

At a later stage which it reaches in about forty five hours (PL IX, 
fig. 13), the gastrula is so far advanced as to pass on to an early veliger 
larva. In the region of the crescent of the blastopore the stomodaeum 
{sto.) is formed as a deep invagination of the ectoderm. Immediately 
above this region the velar lobes (ve,) make their appearance as two 
rounded lobes, one on either side, with minutely ciliated margins with 
the help of which the early veliger rotates inside the capsule. Ventral 
to the stomodaeum the foot (ft) is formed as a broad median protuber- 
ance. The posterior region of this early veliger reveals a broad layer 
of glandular cells which secrete a thin, transparent shell (sA.). The 
preceding stages, however, show that the shell gland begins as an ecto- 
dermal invagination, which opens and extends over the posterior region 
followed by the thickening of its cells. In the early veliger stage the 
enteron appears below the shell gland. The anterior end of the enteron 
touches the stomodaeal invagination (slo.) but does not communicate 
with it. The region immediately behind this is slightly saccular and forms 
the stomach ( 5 ^). The liver appears in the form of two lobes of un- 
equal size (fig. 13, U. and r.L), the left being considerably larger than the 
right. The intestine (int.) is a narrow posterior prolongation of the 
stomach and joins the ectoderm near the base of the foot. Above the 
level of the intestine lies a group of vacuolated cells forming the larval 
kidney (A.). The otocyats (ot.) which are the earliest sense organs to 
appear in the larva are seen, one on either side, at the base of the foot 
below the ectoderm. 


^ As the ooUs are opaque in this region and as no sections of the gastruU have been 
taken, I cannot say i^ith certainty that the blastopore closes completely after it is re- 
duced to a minute slit. In Fiona marina and other Opisthobranohs the blastopore has 
been observed by several authors to close completely and in S. gopnlai, which is an allied 
forgai, the* same phenomenon may occur. 
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A typical veliger is formed before the completion of sixty five hours 
after spawning. During this period the velar lobes increase enormoudy 
in size followed by a thickening of their free edge with bigger cilia. The 
constriction between the two lobes of the velum grows deeper. The 
stomodaeum finally opens into the stomach where it communicates 
with the larger left liver lobe. The intestine gets elongated and slender 
and opens to the exterior. The shell gland thins out as it grows in 
extent, as a consequence of which the shell grows in size. The foot,, 
which is merely a median protuberance beneath the stomodaeal region, 
now gradually becomes broadened and flattened. Its upper surface 
comes to possess minute cilia, while the cells lining its under surface 
secrete the operculum. The strongly pigmented larval kidney lie® 
immediately above the terminal region of the intestine. At the end 
of sixty five hours the veliger is fully formed in its egg-capsule with its 
various organs still slightly opaque, and is seen to rotate inside with 
the help of its powerful velar cilia which strike against the wall of the 
enclosing capsule. By about the end of ninety hours or early on the 
fifth day after oviposition, the thinned-out enveloping membrane is 
ruptured liberating the larva. The sticky substance, which surrounds 
the eggs and keeps them in position, becomes soft enough to. allow the 
larvae to escape into the surrounding water. All the larvae in a string 
of spawn do not escape simultaneously, some taking a longer time than 
the others. 

The larva is a typical free swimming veliger, 120(x long and 85fx broad, 
(PI. IX, figs. 14 and 15) with a transparent nautiloid shell (^A.) and an 
operculum (op,). The antero-dorsally situated velum (ve.), is much 
constricted in the middle region, dividing it into two large lobes with 
their upper surface hollow. The margins of the velar lobes bear big 
locomotive cilia and are continuous with those of the narrow constricted 
middle region. Lower down the velum lies the broad, flattened ciliated 
foot (//.), wliich bears on its ventral side an operculum (op,). The dorsal 
retractor muscles (d,r,) runs forwards from the left posterior side of the 
larva behind the large liver lobe to about the middle region of the sto- 
mach, where it divides into two strands,- which terminate in the antero- 
dorsal region of the larva. By the contraction of this muscle the velum 
is withdrawn into the shell. The retraction of the foot is caused by the 
right and the left retractor muscles of the foot (r./.), which start from 
the dorsal middle region of the posterior half of the larva and turning 
along the sides paM anteriorly to terminate in the foot. The mouth 
lies between the velum and the foot and leads into a fairly long ciliated 
passage, the stomodaeum (sto,), the posterior end of which communi- 
cates with a large saccular stomach (sL), The latter bears a large liver 
lobe on the left side and a similar but a smaller one on the right. The 
intestine (int,), starting from the middle region of the stomach, passes 
forwards to open at the anus situated on the right side slightly below 
the level of the margin of the shell. The stomach and the intestine 
are internally ciliated like the stomodaeum. Green unicellular algal 
matter, which the animal has taken in, is seen in the stomach revolv^. 
with great rapidity ^by the action of cil^ The larva has a pair of large 
otocysts {ot,) placed at ^e base of the foot, one on either sUe. The 
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eyes are absent in the just hatched larva, but four or five days later 
they make their appearance as two dark spots at the base of the velar 
lobes. 

Our knowledge of the metamorphosis of the larvae of Opisthobranchs 
is inadequate. Nordman ( 41 ) and Schultze^ have described briefly some 
aspects of the post-larval development of Tergipes echvardsii and Tergipes 
hicinul<ilu8 respectively. In spite of all precautions, Infusorians, which 
grew under laboratory conditions in dishes and attacked the larvae, 
could not be kept under check. The larvae that escaped the attack 
of Infusorians for a fortnight grew only in size. 

Two or three days after a heavy show(T in the first week of Otdolier 
and in the last week of December 1936, metamorphosed young ones 
in various stages of growth, exceeding ]-25 mm. in length, were 
obtained from the brackish water pools near the mouth of the 
river Cooum. In structure they did not differ much from the adults, 
but the gray and yellow colour of the integument characteristic of 
the adults was not developed. The young ones were all bright 
green owing to the presence of algal matter in the gut and the 
hepatic caeca, and without shell or operculum. The velum had 
completely disappeared, but the large cilia in the ant(‘rior region 
of the animal (PI. IX, fig. 16) were still present. The rhinophores of 
the young ones had blunt tips in contrast to the pointed ones of the 
adult. The eye posterior to the base of each rhinophore was dispro- 
portionately large in relation to the size of the animal. The otocysts 
near the cerebral ganglia, were seen conspicuously through the trans- 
parent integument. The anterior cleft of the foot was not prominent, 
but the foot was extended into a tail like filament. The only two pairs 
of cerata were in the form of small protuberances, with the hepatic caeca 
extending into them. Under the binocular microscope the cerata were 
of a purple shade in colour, which, however, faded as more were formed. 
At the stage when five or six cerata were formed on either side, the 
gray pigment gradually appeared. In the laboratory, the young ones 
fed voraciously on Chaetomorpha and grew rapidly in sizc^. Young 
forms, only 1*26 mm. in length, attained the full size of the adult within 
a period of twelve days, and began depositing spawn from the fifteenth 
or the sixteenth day. 

Some points of interest in the breeding habits, early development 
and growth of S. gopalai need special mention here. 

That there is no definite period of breeding is clear from the fact 
that sexually mature individuals were obtained throughout the year 
either from the Adyar or from the Cooum brackish water pools. Sem- 
per ( 66 ) and Orton ( 46 ) believed that in the tropics, where the tempe- 
rature is high and remains constant or almost constant, most of the 
animals breed throughout the year. Aiyar® and Subramaniam^ have 
observed continuous breeding in Madras in Salmads bicolor and Cliba^ 
nanus olvvaceus. 


» Weigm. Arch. 1849, i. p. 277, as referred by Eliot (26). 
»/Voc. Ind. Acad. 8ei., I, p. 720 (1236). 

^Jaum. Jdoyai Mier. 8^ LV, p. 14, (1236). 


S 
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It has been observed by various writers that when the temperature 
is high the development of early larvae is accelerated. In S, gopalai 
the veligers escaped out of the spawn within a period of not more than 
five days after oviposition, whereas in allied Opisthobranchs of the 
British coasts the minimum time taken was not less than a fortnight 
{vide Reid, 68 and Eliot, 26). Such a rapid development in this form 
is due probably to high temperature conditions which prevail in Madras. 

In S, gopalai the young ones grow rapidly to adult size and attain 
maturity within a fortnight. Orton (44) recorded a similar pheno- 
menon in the life-history of Oalvina picta, A raft moored about six 
weeks after it was in the sea showed a number of Nudibranchs, parti- 
cularly Oalvina picta of varying sizes and their egg masses among a 
thick growth of Obelia geniculata^ on which those animals were observed 
to feed. He observed that ‘‘ the Nudibranchs had undoubtedly peo- 
pled the raft as veligers, rushed through their development at the expense 
of the Hydroids and were giving off veligers again to populate Hydroids 
elsewhere within a period of not longer than six weeks and two days ”. 
In S, gopalai the growth of the young ones is more rapid than in the 
case of Oalvina picta. In the brackish waters of Madras where the 
environmental conditions are continually changing, an extremely rapid 
growth to attain maturity seems to be a necessity, as favourable condi- 
tions do not last long. 

Behaviour of the Animal in Respect op Variations in Salinity. 

Apart from other factors such as temperature and food supply, the 
salinity of the brackish water, which has been observed to be always 
changing, seems to exercise a great control over the animals. When the 
animals were first observed in the brackish water pools near the mouth 
of the Cooum about the end of August 1935 and in the backwaters of 
Adyar in the month of September, the waters in both the places had 
a low salinity as the localities were not in open communication with the 
sea and were flooded by freshets brought by the rivers. The bar near 
the mouth of the river Cooum opened during the last weCk of Septem- 
ber 1936, much earlier than the one at the Adyar river mouth. As 
more and more sea water was brought into the brackish water pools, 
the salinity increased and the algae disappeared, the animals were no 
longer found. In the Adyar backwaters, however, the salinity remained 
low, and individuals of S, gopalai were still found. By about the middle 
of October 1935, the salinity in the pools at the mouth of the Cooum 
had been brought down by rainfall. Three days after the rain numer- 
ous young ones ranging from 1*25 mm. to 2*5 mm. in length appeared 
suddenly. But the kw salinity condition was not maintained long with 
the opening of the bar. With the gradual rise in the salinity the animals 
began to ^minish in numbers until they grew scarce. Up to the month 
of November 1935, adult animals were collected in Adyar, but none 
after the bar had been opened. The bar near the mouth of the river 
Cooum silted up very early ; and during the last week of December 1935, 
a few days after rains, metamorphosed young ones appeared again with 
the sudden fall in the salinity. The appearance of the young forms 
coincided with the growth of Ohael^orpha (on which they feed) 
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on the rides of rocks and other hard surfaces. From the last week of 
IJeoemTOr 1935, and as long as the bar remained closed near the mouth 
of the Oooum, the animals continued to occur. 

The obsei^ations made seem to show that the animals live in water 
lower than that of the sea. Since they are rare 
when the bar remains open for considerable periods, I am led to believe 
that, due to the incoming sea water and the increase in salinity a large 
number perishes. When more fresh water accumulates in the brackish 
water pools reducing the salinity, the animals occur in large numbers 
and breed. As the metamorphosed young ones were obtained nearly 
always after a heavy shower, it seems probable that a lowered salinity 
is an essential condition for metamorphosis. 


Systematic Position op S. oopalal 

The Sub-Order Ascoglossa, of the Order Opisthobranchiata, is 
characterised by the presence of a suctorial pharynx, of a uniseriate 
radula the teeth of which when worn out are retained in a sac or ascus, 
of a single otolith in each otocyst, of a penial spine, and of a visceral 
loop with two or three visceral ganglia. There are no jaws. 

The family Hermaeidae of Ascoglossa includes StiligeVy ErcoUinia^ 
Hermaea and Alderia. O’Donoghue ( 48 ) is of opinion that the family 
should be named Stiligeridae and not Hermaeidae, for the reason that 
Stiliger and not Hermaea is the oldest member of the family. 
According to strict rules of biological nomenclature he is correct, though 
the family is better known by the name Hermaeidae. 

The general Eolidiform appearance of the body, the position of the 
anus in front of the pericardium and the presence of a single pair of long 
and smooth tentacles place the present form in the genus Stiliger of 
Ehrenberg. 

The specific characters of Stiliger gopalaiy sp. nov. may be summarized 
as follows : colouration of the body is deep brownish gray stippled with 
yellow ; cerata, about forty on each side coloured dark gray with white 
tips, are neither very slender nor bulged out ; the ramifications of 
the digestive gland in the cerata have a single main stem with a few 
minute branches ; foot is narrow, pale yellow, with the anterior lobes 
rounded and the tail filamentous ; the radula has five teeth in the as- 
cending axis and seven in the descending axis ; axes are straight but not 
spiral ; margin of the teeth is wavy ; penial armature is short and 
recurved ; there is no pericardial prominence. 

Stiliger gopalai differs from all other species described hitherto but 
combines in itself several characteristics of different species of the genus. 
The present form differs from Stiliger bellulus (syn. S, mariae 22 ; 26 : 
and 9 » 1872) in the nature of the radula, cerata and penial armature. In 
S. bdluhis the descending axis of the radula is a spiral showing a large 
number of teeth which have broad bases and narrow apices ; the cerata 
are conspicuously bulged showing a large number of hepatic ramifica- 
tioDfl ; and the penial armature is long and slender. In S. souleyeti 
{S7) the presence of a uniform green colouration, of large and club-shaped 
cerata and of a radida resembling that of S. beUuluSf clearly separate it out 
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from the present species. The teeth of S, gopdai resemble very closely 
those of S. varians (21) ; but the marine habitat, the extremely small 
size of the body, the inflated cerata and the bladder-like pericardial 
prominence in the latter make it distinct from the former. S. irregularis 
(21) is marine, the general colouration is reddish gray, the oral veil is not 
notched and the margins of the teeth are less wavy than those of S. 
varians. These important features of S. irregularis distinguish it from 
tlie present form. The presence of a spirally coiled descending axis of 
the radula, a very prominent posterior prolongation of the pericardium 
and the probable absence of the penial armature in S. felinus (26) 
distinguish it from S. gopalai. S. tentaculatus (29) differs from all 
others of the genus in liaving well developed oral tentacles and 
tentacular prolongations of the foot. The absence of filamentous tail 
and of white spots in the foot, and the presence of a radula resembling 
that of S. bellulus and of the very slender cerata in S. pica (68) 
differentiate it from S. gopalai. S. gopalai and R. pica, however, agree 
in their brack isli water liabitat and short penial armature. 

In Eliot’s opinion Stiliger ornatus Ehrenberg, the specific charac- 
ters of which arc not given, agrees with S. bellulus. Pterochilus viridis 
of Kelaart (38) was, liow('ver, doubtfully referred as ‘ Rtiliger ? viridis^ 
by Eliot in 190G (28) ; f)ui/ the green colouration of the body and the 
capsular spawn distinguish it from the present species. The nature 
of the radula in H. ornatus and ‘ Stiliger ? viridis ’ is not known. Custi- 
phorus vesiculosus of Desliayos was ascribed by Fischer (32) to the genus 
Calliopam while in 1928 O’Donoghue (48) referred it to Stiliger. Apart 
from other characters, the colouration of S. vesiculosus and the presence 
of vesicles or globules in the cerata distinguish it from S. gopalai. Doubt- 
ing the correctness of treating Ercolania as a genus separate from Stiliger, 
O’Donoghue (43) provisionally included under the genus Stiliger all 
the species of Ercolania, viz., E. siottii, E. panceri, E. uzilli, etc. As 
discussed in the history of this genus at the beginning of this paper {antea 
pp. 436-138) Ercolania can be distinguished as a separate genus from 
Stiliger on account of the absence of canaliculated grooves in the 
rhinophores of the latter. 


Summary. 

1. The external and internal morphology of Stiliger gopalai, sp. nov. 

from the brackish waters of Madras is fully described with a brief 
account of the bionomics and early development. 

2. The digestive system of S. gopalai while agreeing with that of several 

species of the genus, differs from that of S. souleyeti in having 
no oesophageal caecum. The radula closely resembles that 
of S. varians and Ercolania siottii. The hepatic ramifications 
are simple and give off very minute branches. 

3. The central nervous system shows a primitive condition as in all 

Ascoglossa. The visceral loop bears only two ganglia, the ab- 
dominal and the supra-intestinal. The sub-intestinal ganglion is 
f^bsent as in Limapontia, Gastro-oesophaget^l ganglia are absent. 
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4. The reproductive system is fully described including the histology 

of the accessory glands. The penial armature is extremely short 
unlike that of S, hellulus and closely resembles that of Lima- 
pontia. 

5. The process of copulation and spawning has been observed. The 

course of the eggs from the hermaphrodite follicles to the exterior 
is described. The spawn is a cylindrical string and the eggs 
are closely arranged in anti-clockwise spiral within. Animals 
were observed to deposit spawn even without copulation. The 
animals breed throughout the year. 

6. The eggs develop into veligcrs very rapidly. The metamorphosed 

young ones, collected from the natural habitat, attain the adult 
size and maturity within a period of fifteen days. 

7. The animals become scarce with the increase in salinity in the brackish 

waters due to communication with the sea. Large' numlx'rs 
of animals were collected when the salinity was low. A sudden 
fall in the salinity seems to favour matamorphosis. 
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KEY TO LETTERING 


ab.g. 

. abdominal ganglion. 

al, gl. 

. albumen gland of the anterior genitalia. 

an. 

. anus. 

a. pa 1. 

. 1st anterior pallial nerve. 

a. pa 2. 

. 2nd anterior pallial nerve. 

as. 

. ascus. 

au. 

. auricle. 

b.g. . 

. buccal ganglia. 

b. gl . 

. large buccal glands. 

b.gV. . . 

small buccal glands. 

b.nl. • 

Ist pair of nerves from buccal ganglia. 

b.n2. 

, 2nd pair of nerves from bueoal ganglia. 

b.n 8. 

. gastro-oesophageal nerves. 

cl.. 

. . Ist pair of cerebral nerves^ 

c2. . 

2nd pair of cerebral nerves. 
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c 3. . 


3rd pair of cerebral nerves. 

c4, , 


4tli pair of cerebral nerves. 

c . 


5tli pair of cerebral nerves. 

ca. 


caecal prolongations of the digestive system. 

a.b, c. 


cerebro-buccal commussure. 

c.g. , 


cerebro-buccal ganglia. 

d. 


cilia. 

d. c. . 


ciliated cells. 

c. n. s. 


central nervous system. 

cr. 


crypts through which the glands open. 

c^. c. . 


connective tissue. 

cy, . 


cytoplasm of gland cells. 

d, gL r. 


glandular ramifications of digestive gland. 

di. 


diverticulum communicating with the stomach. 

di, r, . 


diverticulum of the renal chamber. 

d.r, . 


dorsal retractor muscle of the. veliger. 

du. 


ductules from the follicles of hermaphrodite gland. 

epi. . 


epithelium. 

ey. . 


eye. 

ft. . . 


foot. 

g, and g\ 


small ganglia of the gastro-oeseophageal nerves. 

ge. g. . 


a small ganglion of the first visceral nerve sitiiat(»d 
in the anterior genitalia. 

gl c. . 


gland cells. 

gr. . 


granules. 

hr, am. 


ampulla of the hermaphrodite duct. 

hr. d. 


common hermaphrodite duct. 

hr. d 1. 


hermaphrodite duct from the anterior group of 
follicles. 

hr. d 2. 


hermaphrodite duct from the posterior group of 
follicles. 

hr. gl. . 


follicles of hermaphrodite gland. 

ini. 


intestine. 

k. . 


kidney of the veliger. 

1. 


central lumen. 

la. 


labial folds. 

l.l. . 


left lobe of the liver in the larva. 

1. ph. . 


lumen of anteriormost region of pharyngeal bulb 
cut in section. 

m. 


mouth. 

m.f. . 


muscle fibres. 

m.g.. 


unicellular mucous glands of foot. 

m. m. g. 


multicellular mucous glands of foot. 

mu. gl. 


mucous gland of the anterior genitalia. 

n. in. 


a branch of the third visceral nerve to intestine. 

n.p.. 


a short branch from the first pallial nerve to penis 
pouch. 

nu. 


nuclei of the gland cells. 

oe. 


oesophagus. 

o.f. 1 


outer fibrous layer. 
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o. gl. . 
op. 
op. g. 
op. ov. 
op. pen, 
op. va. 
ot. 

pi. . 
p2. . 

p 3. . 

p. c. r. 


pe. 

pen. . 
pen. 8. 
p.g. . 
ph. 

p. pa., 
p. pa*, 
pr. d. 
pr. d 1. 
pr. d 2. 
pr. r. . 
r. c. . 
r.f . 
r. h. g. 
r.l. . 
r. o, . 

r. p. o. 

s. gl. . 
sh. 

s. i. g. 


st. 

sto. 

V. 

vl. 

v2. 

V 3. 
v4. 
va. 
va. a. 
va. c. 
va. d. 

V. d. 

ve. 

vei. 


odoriferous glands. 

operculum of veliger. 

optic ganglion. 

oviducal opening. 

opening of the male genital organ. 

vaginal opening. 

otocyst. 

1st pedal nerve. 

2nd pedal nerve. 

3rd pedal nerve. 

branch of 3rd visceral nerve to the pericardium, 
heart and renal chamber, 
pericardium, 
penis. 

penis pouch, 
pedal ganglion, 
pharyngeal bulb. 

posterior pallial nerve of the right side, 
posterior pallial nerve of the left side, 
main duct of the prostate, 
anterior lateral branch of the prostate, 
posterior lateral branch of the prostate, 
glandular ramifications of the prostate, 
renal chamber. 

retractor muscles of the foot of the Veliger. 
right hepato-gastric nerve, 
right lobe of liver in larva, 
renal pore. 

rcno-pericardial opening, 
salivary glands, 
shell of the larva. 

Bupra-intestinal ganglion. 

spermatheca. 

stomach. 

stomodaeum of the larva, 
ventricle, 

1st visceral nerve. 

2nd visceral nerve. 

3rd visceral nerve. 

4th visceral nerve, 
vacuoles in the cytoplasm, 
ampulla of the vagina, 
vaginal passage. 

dilated bulb of the vaginal passage, 
vas deferens. 

velum of the veliger larva, 
veins. 
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EXPLANATION OP PLATE VII. 

Pig. 1. — Dorsal view of Stiliger gopalai, sp. nov. X8. 

Fig. 2. Ventral view of Stiliger gopalai»xS» 

Ftg, 3. -Ventral view of the snout. X 16. 

Fig. 4. — Cerata magnified l/O show the ramifications of the digestive 
gland and the odoriferous glands. 

Fr(i. 5.---Si(lc view of Stiliger gopaUii creeping on Chaetoniorpha. x8. 
Fig. 6. A pair of individuals seen in copulation. 

Fig. 7. Digestive system of Stiliger gopalai as seen in a dissection 
made with tlie aid of the binocular microscope. 
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EXPLANATION OF PLATE VIIL 

Fia. 1. — Transverse section of the foot. X600. 

Fio. 2. — A transverse section passing through the mouth region 
showing the buccal glands. xlOO. 

Fia. 3. — Side view of pharyngeal bulb with the salivary glands and 
the buccal glands. x30. 

Fig. 4. — The radula. xlOO. 

Fig. 5. — A single tooth magnified twice as in Fig. 4. 

Fig. 6. — Transverse section of salivary gland. x300. 

Fig. 7. — Transverse section of the digestive gland in the cerata. x300. 

Fig. 8. — Diagramatic representation of the pericardium containing 
the heart and its relation to the renal system, reconstructed 
from serial sections. 

Fig. 9.— General view of the nervous system. Highly magnified. 

Fig. 10. — The buccal ganglia and their nerves. Highly magnified. 

Fig. 11. — General view of the reproductive system as revealed in dis- 
section under the binocular microscope. 








EXPLANATION OK PLATE IX. 

Fif;. 1. — DiiSsoction of the anterior genitalia. Highly magnified. 
Fig. 2. Penial 8tylet. x3()0. 

Fro. 13. Section of iho mucous gland of the anterior genitalia. x300. 

Fig. 4. Spawn twisted round the algal threads of Chatetomorpha. 

Fig. T). Egg enclosed in a capsule. x20(). 

Fig. (). Two cell st.ag<'. x20(). 

Fig. 7. Four cell stage. x2()(). 

Fig. 8 .- -Eight cell stage. x20(). 

Fig. 9. — Oastrula at the commencement of the formation of hlast/O- 
poro. x200. 

Fig. 10. -View of the vegetativi^ pole of the gastrula showing the blasto- 
pore. X2(X). 

Fig, 11. — Gastrula at a later stage with a prominent pointed apical 
end. X20(). 

Fig. 12. — Tin* blastopore is seen reduced to a crescentic slit in the 
gastrula. x200. 

Fig. 13. Early veliger. x200. 

Fig. 14.— Dorsal view of veliger larva. x400. 

Fig. 15. — Side view of veliger larva. x400. 

Fig. 16. — Metamorphosed young one. ► 
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. 378, 382 

tor ... 

. 6, 246 

Cailiopaea 


. . 437 

vittatus . 

16 

bellula . 


. . 437 

Barbus cosuatis 
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? callianassa . 
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20 
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Coleoptera 
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Cophoscincopus 
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Cophoacincua . 
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aimulana . 
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Corbicula 
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cashmirienais . 
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fluminalia 

. 274 

fluminalia oxiana 

274, 275 

Corbioulidao . 
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Corvospongilla lapidoaa 
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Crocodilia . . 
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Crosaochilua . 

246, 252 

latius 

44, 339 

Oniatacea 

. . . 53 

Cuatiphonis vesiculosua 
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Cyclocheilichthya , 
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Cyclodina 
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aenea 
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. . . 232 

Gyclodua 

. . . 232 

caauarinae 

. . 232, 233 

fiavigularia 
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gigaa 
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Cyclopidea 
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smaragdina 
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Eagle marmeloa 
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Echinus osculentus 


68 

Eisenia foetida 


106, 107 

rosea 


106, 107 

Eiseniella tetraedra typica 
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. . 355, 370 

Ephemeroidea 


• • 351, 352 

Ephomeroptera 


• • • 351 

Epexoohlaenoidea 


, .287,289,300 

bioinctuB 


• • • 300 
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Kulamprua 
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Eumecea microlcpis 
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oppclii-rufcBCcns 
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Eumecia ' 


. 227 

anchietac 
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Euprepes ernesti 
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Eusoma 
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cyanura . 
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Exochlaenus . 
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290, 291 
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Fiona marina 


452, 453 

Foraminlfera . 

. 
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Gagata .... 

252, 263 

Galvina 

. 439 

picta 

. 456 

Garra . 6, 245, 246, 252, 

253, 264, 339, 

344, 348 

bicornu ta 

7 

ceylonensis ceylonensis 

. 348 

gotyla . . 331, 

333 , 334, 339, 

347, 348 
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jerdoni . 
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lamta . 340, 344, 345. 346, 347, 
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mullya . 

. 19 

prashadi . 

339 , 340, 341 

stenorhynchus 

19 

Gaatromyzon 
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Qaatromyzoninae . 

8, 12 

GaBtropeda . 
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Gecarcinuoinac 

379, 418 

Geckonidai'. . 
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Gelasimus acutiia . 

. 422 

manii 

379, 380, 422 

marionis . 

379, 422 

excisa 

. 422 

nilidus 

. 422 

nitidus . 

. 422 

triangularis 
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Glandoglanis . • 
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Glabropilumnus 
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Heteropneustidae • 
Heteropua . • 

Hex^enia . • • 

indica 


37, 38 
38 
38 
38 
38 

33, 35, 37 
213, 223 
438, 442, 467 
. 437 

437, 457 
. 388 

381, 385, 386, 
387, 388 
. 388 

. 388 

. 417 

. 411 

19 

. 18, 19 

. . 223 

. 355, 369 

366, 369 



Page. 




Page, 

Glossogobius giuris 

7, 20 

Himlia 



. 219 

Glyptostcrnum 

242, 243, 245, 247, 

Homaloptcra . 



11, 12 


248, 267, 350 

Homalopiorinae 



8, 12 

hodgarti . 

43 

IJotnhronia 



. 223 

maeulatum 

243,360 

fasciolaris 



. 223 

reticulatuni 

, 243 

Hoinolcpida . 



. 213 

Glyptothorax 

245, 246, 252, 253, 

casuarinae 



. 213 


3.50 

Hormomyia . 



. 284 

dekkanonsis 

7, 8, 14 

■fcalcuttaonsis . 



284 

madraspatanus 

19 

iHchaemi . 



. 284 

pectinopterus . 

339, 350 

siibapU'ra 



. 284 

trilineatus 

331, 332, 388 

Howascolox . 



. 106 

Gobiidae 

18, 20 

Hyasteniis 



. 389 

Gonoplacidae 

.379, 380, 381, 411 

hilgondorfi 



378,388 

Oonofhynchtia lamta 

. 345 

sp. . 



378, 389 

Gordiodrilus . 

. 105 

Hydraoiudao , 



35 

Grapsidac 

379, 380, 381, 425 

Hydropliilidao 



29, 35 

Grapsinae 

379, 425 

Hydropsycho 



116 

Grapsus grapsus 

. 425 

Hydropsycbidao 



. 113 

strigosuH 

370, 380, 425 

HyiiK'Hoptora 



287 

Gymnodactylus frenatus 

. 216 





Gyraulus 

272, 273, 279 





convexiusculus 

. 279 

I 




ladacensis 

272, 273 





pankongcnsis . 

. 272 

Ictiscincus 



222 

sp. . 

. 279 

Indoplanorbis 



279 

Gyrostoma . 

. 371 

exustus . 



279 

glaucum . 

371, 376 

laopachya 



. 230 



gyldenstolpei . 



• 230 

H 


Ifonida . 



285 



Itonididao 



. 281 

Hagria . 

. 227 





Halinms 

. 389 





Haliotis tubcrculata 

61 

j 




Haliotis (Sulculus) gigantca . .71 





Ilaplochitua panchax 

. 331 

Janellidac . . 

. 

. 

273, 274 

Helicophagus 

235, 236, 239 





typus 

236, 237 





waandersi 

236, 236, 237, 238, 

K 





239, 240 





Helix auriciilaria 

. 266 

Kalinga ornata 

. 

. 

. 442 

stagnalis 

. 265 

Keneuxia 


. 

. 226 

tentaculata 

. 263 

smargdinus 

. 

• 

. 226 

Helochares (Agraphydrus) . 29, 34, 37 





coomani . 

37, 38 






Labco . 
bogut 

dero . 9, 

devdevi' . 

duflsumicri 

dyochoilus 

poTccllus 

robita 

I^abco (Laboo) dyochcilua 

Labauca atpar 
laubuca . 

Laccobius gracilis . 
simulans 

Lacerta . 134, 


Laccrtidae 

Laccrtilia 

Laguvia 

Lampito 

Lamprolepia 


. 252, 254 

19 

9, 24, 44, 46, 333, 339 
. 231, 333 

. . 19 

. 43, 44, 45, 333 

7, 8, 9 
. 266 

lilua . . 333 

. 7, 16, 17 

44 

. 33, 35, 87 

35 87 

134, *135, 143, 144, i48, 
160, 161, 166, 161, 173 
. 216 
133, 134, 166 
. . 246 

. 187 

. 226 



ariv 
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Jjampropholis 

. 223 

Leiocassis 

. . . . 252 

Leiolopiflma . 

213, 219, 223, 234 

Lepidocephalichthys . 252, 253, 254 

berdmorei 

332, 387 

guntea . 

. 339 

thermalis 

7, 8, 16, 17 

Leptodius cavipes 

. 378, 398 

exaraius . 

378, 380, 398 

Leptosoma 

. 230 

bougaiiivillii 

. 230 

Lestremia tcalcuttaensiB . . 281 

ceylononsis 

. 281 

indica 

. 281 

Leuciscus 

26 

caverii . 

26 

flams 

26 

mahecola . 

. . . 22, 24 

rnalaharicua 

26 

Leucosiidae . 

378, 380,381. 385 

Leucosiinae . 

378, 385 

Leucospidinae 

287, 288 

Leucospis 

287, 288, 289, 290 , 291, 
300 

anthioid(‘B 

. 291 

assamcnHis 

292, 294, 296 

atra 

. 208 

bcngalcnHiB 

287, 291, 293, 297 , 
298, 299 


niackcnziei 
l)orabayen8is . 
fdarjilingciiHiB . 
guzeratcnais 

indiensiH . 
malabaronsiH . 

nicenakBhiae . 

nurfloi 

ornatifrons 

petiolata , 
quettacnsiB 


ramkrisbnai 

viridissinia 

Limapontia . 
capitata . 
nigra 

Limnaea auricularia var 
veniricosa 
brevicauda 
defilippi . 
lagotis . 

costulata . 
defilippii . 
Rolidissima 
Btriata 
lagolia 

plicaivla fasciokUa 
Btagnalis 

kaabmirietiBiB 

minor 

Limnaea {Qulnaria) 
verUricasa 
brevicauda 
lagotia . 
atriata 


292, 293, 298 

291, 293, 298 

292, 294 , 295 
288, 291, 293, 298 , 

299 

291, 292, 298 
291, 292, 295 , 

297 

291, 292, 294, 296 , 299 
291, 292, 293, 295, 297 
292, 293, 294, 295 , 
296, 299 

298 

*291, 292, 2*93, 295, 

297 

. 292, 293, 299 

291, 292, 295 
. 446, 458, 459 

451 


auricularia 


447 

266 

266 

270 

269 

267 

268 

269 
268 

267 

268 
267 
265 
265 

265 

266 

270 
267 
267 
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Limnaea (Radix) lagotis . 

. 267 

Limnaeua truncaiulua 

. 271 

Lioacincua 

. 223 

ateindachneri , 

. 223 

tricolor . 

. 223 

Lioaotna 

. 227 

Liotropia 

. 226 

olivacea . 

. 226 

Lipin ia 

. 223 

pulchclla 

. 223 

Liaaonota 

. 219 

maculata 

. 219 

Lithopbaga . 

70 

Lithopbaga (Lithopbaga) laevigata . 70 

nasuta . 

. . 70 

Litocheira 

416, 417 

amoyensis 

. 416 

angustifrons . 379, 381, 411, 413, 

414, 

415, 416, 417 

bcauniontii 

. 417 

binpinosa 

416, 417 

ciliata 

. 415 

cristata . 

414, 415 

Integra . 

. 416 

quadrispinosa . 

. 416 

setosa 

416, 417 

subintegra 

414, 416 

hirsutior . 

. 416 

Littorina scabra 

50 

Lumbricidac . 

. 105 

Lumbricus rubellus 

. 107 

Lupinae 

378, 391 

Lyyiaaurua 

. 223 

foliorum . 

. 223 

miindus . 

. 223 

Lyyoaaurua 

. 231 

pcllopleurus 

. 231 

Lygosoma . 213, 214, 215, 

217, 218, 219, 

222, 223 

, 231, 232, 233 

acutuin . 

. . 219 

aencum . 

. 223 

aequalo . 

. 221 

aignanum 

. . 219 

albertisii 

214, 232 

alfrcdi 

. 221 

aloysi-sabaudae 

. 221 

anolis 

215, 216, 224 

antoniorum 

. 221 

atrigularis 

. 221 

australe . 

. 221 

austro-caledoniciim 

. 225 

becarrii . 

. 225 

bicarinata 

. 225 

bilineatum 

. 224 

biparietalis 

. 221 

blackmanni 

. , 225 

brevipes . 

. 221 

cameronicus . 

. 220 

cballengeri 

. 224 

clathrotis 

. 221 

cophias . 

. 221 

courcyanum . 

. . 221 

curtum . 

. . 226 

deoipions 

. 220 

decresiense 

. 224 

delicatum 

214, 225 

dendyi . 

, . 223 

deplaiiohi 

• . 220 
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Lygosoma devisii . 


. 226 

doriae 


. 224 

dorsale . 


. 220 

dupemyi 


. 223 

dussumieri 


. 219 

elegans . 


. 224, 234 

emigrans 


. 220 

entrecasteauxi 


224, 232 

curyotis . 


. 226 

fallax 


. 220 

fasciolatum 


. 219, 220 

fisoheri . 


. . 220 

flayipes . 


. 224, 234 

florense . 


. 219 

forbesi . 


. 221 

fuscum . 


223, 225 

gracile . 


. 224 

grande . 


. 223 

graueri 


. 221 

guichenoti 


223, 226 

helenae . 


. 221 

himalayana 


. 224 

himalayanum . 


. 232 

homalonotum . 


. 223 

indicnm . 

216, 

216, 220, 222 

initiale . 


. 226 

infralinoolatum 


. 225 

infrapunctatum 


. 224 

isolepis . 


. 220 

jugori 


. 220 

labillardiri 


. 220 

ladacense 


. 224 

larutense 


. 221 

laiorimaculatum 


, 224 

leae 

• 

. 220 

lesueri . 

a 

214, 219, 220 

lichenigerum . 

« 

. 224 

lineo-ocellatum 


. 223 

longiceps 


. 224 

lousiadense 


. 219 

luzonense 


. 221 

maccoooyi 


. 226 

macooyi 


. 224 

maculatum 


215, 218, 219 

maindroni 


. 219 

malayanum 


. 220 

mariae . 


. 224 

melanopogon . 


216, 218, 219 

meleagris 


, 221 

metalUcum 


. 225 

minutum 


. 220 

miodactylum . 


. 221 

miotis 


. 225 

mjobergi 


. 221 

moco 


. . 223 

modigliani 


. 220 

> monotropia 

• 

214, 219, 220 

morokanum 


. 225 

mundivense 

• 

. 226 

mundura 

• 

. 225 

mustelinum 


. 224 

nigrigulare' 


. 226 

njgrofaaoiolatum 

• 

. . 224 

nigrolineatum . 

• 

. 220 

noctua . 

• 

. . 224 

nototaenia 

• 

. 224 

norae-caledoniae 

V 

. . 226 

noyae-guinae • 

• 

. 223, 225 
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Lygosoma ooellata . 


. 226 

ocellifenim 


. 220 

ornatiim . 


220, 223 

pallidum 


. 220 

palnicum 


. 226 

pardal's . 


. 220 

fparkeri . 


. 224, 234 

pectoralo 


. 225 

pcroni . 


. 224 

preaigne . 


. . 220 

pretioBum 


. 226 

p\ilchoUum 


. 224 

pulchruni 


. 225 

pumilum 


. 221 

punctulatum . 


. 221 

quadrilincatum 


. 224 

quadrivittatum 


. 225 

quadrupes 


214, 219, 221 

quoyi 


219, 220 

reeveai . 


223, 224 

rclictum . 


. 226 

reticulatum 


. 221 

rhomboidalo . 


. 225 

richardsoni 


. 220 

rufuiii 


. 220, 222 

nipicola . 


. 224 

sanctum . 


. 215, 219 

scharffi . 


. 224 

Hcotophilum 


215, 219 

semoni . 


. 224 

serpens . 


. 219 

scutirostrmu . 


. 221 

aholfordi . 


* 220 

sikkirnense 


. 224 

smithi 


. 223 

apinauris 


. 226 

stanleyanum . 


. 226 

atoori 


. 221 

stcindachneri , 


. 226 

stcllatum 


219, 220 

atrauchi . 


219, 220 

striatopunctatum 


. 220 

atriolatum 


. 219 

sumatrcnsc 


. 221 

Rurdum . 


. 229 

suteri 


. 223 

taeniolatum 


. 220 

taprobanensc . 


. 220 

tolfairi . 


. 224 

temmincki 


. 221 

tcnuo 


. 220 

teraum . 


. 220 

tetradactylum . 


. 225 

tcxtum . 


. 221 

travancoricum 


. 226 

tricolor . 


. 225 

trilineatum 


223, 225, 232 

truncatum 


. 221 

undulatum 


219, 220, 222 

unicolor . 


. . 224 

yariable 


. 226 

vcrreauxi 


. 213, 221 

vigintiserium . 


. . 221 

vittigcrum 


. 224 

woodward! 


. 224 

Lygosoma (Emoia) muelleri 

. 214, 215 

pratti 

. 

. . 215 

Lygosoma (Hinulia) oompreMicauda 214 
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Lygosonja (IctisoincuB) 

. 222 

crassicauda 

. . 222 

loriao ' . 

. 222 

muolleri . 

. . 222 

oligolepiB 

, . 222 

pratti 

. 222 

solomonis 

. . 222 

woodfordi 

. 222 

woolaatoni 

. 222 

Lygosoma (Siaphos) com 

rcssicauda 214 

Lygosoma piinctata 

. 227 

Lygosomella , 

. 223 

acstuosa . 

. 223 

Lymnaea 

261,264, 269,278 

acuminata 

. 278 

hians 

. 278 

typica 

. 278 

auriclaria 

264,266, 267.269 

brovicaudata , 

. 266, 270 

lagotis . 

^66, 267, 268, 269 

coHtulata . 

267, 268, 269 

dofilippii . 

267, 268 

Bolidissima 

267, 268, 269 

striata 

267, 268 

Bubdisjuncta 

208, 269 

luteola 

. 278 

ovalia 

. 278 

obliqua . 

. 268 

pcrsica . 

. 266 

ep. . 

. . 262 

stagnalia 

264, 265, 269 

kaahmiriensis 

265 

minor 

. 265 

sirikulonsiH 

. 269 

truncatula 

264, 270, 271 

Lymnaea (Galba) . 

. 264, 270 

truncatula 

. 271 

Lymnaea (Oulnaria) 

. . 266 

Lymnaea (Limnaca) 

264, 265 

Lymnaea ( Pseudosuccinca 

. 278 

Lymnaea ( Radix) . 

264, 266 

aurioularia 

. .266 

Lymnacidao . 

261, 264, 278 

M 


Mabuia .... 

» . 134 

Mabuya. 

. 223 

Macrodaotyla 

. 371 

Maoronoma . 

113,116: 

Macrophthalminao . 

379, 423 * 

Macrophthalmus coavexus 

379, 423, 424 

erato 

379, 424, 425 

eratus 

424 

telescopicus 

. 379, 488 • 

verrauxi . 

. 423 

Macropodufi cupanus 

. 16,17.20: 

Maiidae 

378, 380, 388< 

Maiinae 

378, 390 

Marphysa 

68 

Marros . . , 287. 288, 289. 290 

Mastacembelidao . 

. 18, 19, 339' 

Mastacembolus armatus . 

7, 16, 19, .339 


otiuckbuq . I, lO, IW, 

M»t»y» . . .311, 312, 313, 314, 31S,' 


318, 31» 

wgentea. . .. 311,314,315! 

oaldwelU .... 314 
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Matsya dcnticulatus 

. 314 

clongatus 

. 314 

hollandi 

. 314 

nigrodorsalis . 

. 314 

pingi 

314, 318 

Matuta . 

. 383 

jlagra 

. 384 

lunaris . . 378, 380. 383. 384. 385 

lunaris . 

. 384 

planipes . 

378, 383, 384, 385 

victor 

383, 385 

Matutinae 

378, 383 

Medusidae 

. 440 

Megachile 

. 291 

Mcgalobraraa 

. 314 

Megaacolecidao 

105, 306 

Mcgascolocinao 

306, 307 

Megascolex 

187, 211 

affinia 

. ' . ’ . 207 

diffringena 

. 198 

houlleti . 

. 203 

iris 

. 187 

margaritaccuH . 

. 187 

mokongianus . 

. 187 

pictus 

. . . 187 

poathuma 

. ' . . 207 

Mcgascolides . 

. • . .305 

Megaacolidea bergthoilo 

305, 307 

Menippe rumphii . 

378. 404 

Mcnippo {MyomcnipT)e) granulosa . 404 

Mcnippinoo . 

378, 404 

Motapachia . 

. 125 

Metaplax dentipes . 

379, 380, 433, 434 

IfJirooyclopH . 

* 99, 100 

Icuckarti 

. 102 

rylovi vermifor 

. 102 

Micromyia findica . 

281 

Mochlm 

. 227 

punctulata 

. 227 

Mocoa . 

. 223 

guichonoti 

. 223 

zeyUindica 

. 223 

Mollusca 

53 

Mugil ocphalus 

129, 131 

My a aronaria 

63 

Myomenippe granulosa 

. 404 

hardwickii 

378, 404, 405 

Myonanthua . 

. 371 

Myophila 

. 223 

? blackmanni . 

. 223 

vivqx 

. 223 

Mystacolcucua .311 

, 312, 313, 314, 315, 
317, 318 

atridorsalis 

. 312 

chiloptenis 

311, 312, 314 

marginatuB 

311, 312, 313, 314, 
316, 317, 318 

ogilbii 

312, 313, 314, 
316, 317, 318 

padangonsis ' . 

312, 314 

Mystus aor . 

19 

oavasius . 

17, 19 

malabarious 

. ' . . 19 

montanus 

• . . 19 

puhetatus 

19 

vittatus . 

. . . 19 

Mytilus califomianus 

. . . 66, 68 

edulis • • 

• • « 66 
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N 


Ocypoda ccratophthalma 379, 418, 419, 420 



cordimana 


379. 420 

Nangra . • 

. . 262, 263 

macrocora 

370. 418. 41». 420. 422 

Tiridescens 

19 

Ocypodidao . 


379, 380, 418 

^anrmcincua 

. 223 

Ocypodinae . 


379, 418 

fuscus . , 

. 223 

Oothra scruposa 


378, 890 

marei 

. 223 

Oligoaorna 


. 223 

Nemachilichthys 

. 6,14 

moco 


. 223 

shimogoDsis 

. 7. 17 

Olyra . 


252, 264 

Nema(!hilu8 . 14 

, 242, 243, 248, 252, 

Omdepi^a 


232, 233 


253, 254, 257, 340 

Ophiccphalidae • . 

8, 

18, 20, 331, 338, 339 

anguilla . 

7, 8, 18 

Ophicephalus 


. 8, 15 

bevani . 

339, 341 

gachua . 


7, 9, 15, 16, 18, 20, 

tbhimachari . 

. 7, 13. 14 



331. 388, 339 

botia 

. 339 

moruliuB 


20 

dayi 

. 8,19 

punctatus 


7, 15, 17, 20, 43, 44 

denisonii 

. 7, 8, 16, 19 

spp. 


16 

nipicola inglisi 

44 

Ophioacincus . 


. 230 

scaturigina 

44 

australis . 


, 230 

sinuatus . 

16 

Opsariichthys. 


. 313 

sp. 

. 341 

Oreichthys 


322, 323 

striatus . 

. 7,8,12,13 

• * ooRuatis . 


322, 323 

vincigucrrai 

331, 337 

parvus . 


. 323 

Ncocatolaccus 

. 125. 126 

Oreinus 

242. 244, 262. 267, 268 

auBtralensis 

. 126 

moloRworthi . 


. 331,382 

fiiidicuB . 

. 126 

richardaoni 


. 43, 44 

livU 

.. . . 125 

Bp. 


44 

sphenopterao . 

125, 126 

Orcoglanis 


. 243 

Bubviridift 

. 126 

Orsooliella apludac . 


. 286 

syrphidiB 

. . . 125 

tbengalensis . 


. 285 

tylodcrniae 

. 125 

Oamia . 


. 291 

NcocchinorhynchuH . 

. 129, 130, 131, 303 

Osphronenndao 


. 18, 20 

tchilkaenBiB 

. 129, 130 

Ostoobrama . 


. 314 

Noogastromyzon 

. . . 

OsteochiluB . 


. . . 10 

NcolaBioptcra cophalandrac . » 283 

' malabaricus 


: . . 10 

cratacivae 

. 283 

OtosauruB 


213, 217, 218 

tvariipalpia 

. 282 

amblyplacodes 


. 218 

Noptunus (Neptunus) sanguinolentus 378, 

anncctcnB 


. 218 


891, 392 

anomalopuB 


215, 216, 218 

Nerita albicclla 

, . . 60 

cole bouse. 


. , . 218 

chamelco. 

60 

ooncinnatum . 


217, 218 

polita 

50 

cunnngi . 


. 218 

Neritidae 

64 

eurtirostris 


. 218 

Novadno 

371, 375, 376 

granu latum 


215, 218 

glauca , 

371,373, 376 

jobionso . 


. 218 

Niiocris , 

. 187 

kinabaluonse . 


. 218 

gracilis , 

. . . 187 

llanosi 


. 218 



mimicanum 


215, 216, 218 



munidensiB 


. 218 



nigrilabro 


. 218 

0 


sarasinorum . 


215, 218 



simum . 


. 218 

Obelia geniculata . 

. 466 

tropidonotus . 


. . . 218 

OchthebiuB andraei 

36 

variegatum 


. 218 

fexpianatuB 

. 33, 34 

Oxyrhyncha . 


378, 388 

filumineuB 

. 33, 34 

Oxystomata . 


378, 382 

rofloxus . 

36 . 

Ozinao . 


. 379, 405 

sp.. 

36 




Ochthebius (Doryochtbebius) . . 36 




Ochthebius (Hyraenodes) aenea- 


P 


cupreuB , 

34 



*■ 

dimcilis . 

. 34 

Palingeniidae 


351, 352, 370 

fexplanatus 

. 35, 88 

Palmipos membranaceus 

56 

fflumineiis 

84,35, 36, n 

Palpicomia . 


* 33, 35 

scbneideri 

34 

Panaietis camerata 


. 70 

Octocbaetinae 

. . . 307 

haliotis . 


71 

Ootolasium cyaneum 

105, 107, lU 

Panaapia 


. 227. 232 

lacteum . 

. . 107, lU 

aeneue . 


. 227 


mu 


Index. 
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Panohaz bloohii 

, 

20 

lineatua . 


8, 16, 16, 17, 20 

panchax 

, 

. 324. 381 

Pangasianodon 

. 

. 254 

PangasiuB . 117, 

236, 236, 239, 240 

hypophthalmuB 

. 

. 236 

micronema 

, 

239, 240 

pangasiuB 

117, 118, 119, 120, 

122, 123, 236, 

237, 238, 239, l>54. 



266 

? ParaberoavA melanoeephalua . . 40 

nigriceps 

. 

40 

Parabramifl . 


314, 315, 316, 319 

cunma . 

, 

. 316 

Parapholaa quadrizonata 
Parapseudechoneia . 

70 

349, 350 

pavaiei . 


. 349 

ParapailorhynchuB . 


. 256 

Paraptoromalus 


125, 126 

ParasiluruB . 


252, 254, 343 

aBOtUB 


. 343 

cinereus . 


. 343 

oochinchinensis 


. . 343 

grahami . 


. 343 

monto 


. 343 

Paratelphusa (Phricotelphusa) callia- 

naria 


379, 418 

ParoHtoobrama 


. 314 

ParoloaaunLa . 


. 218 

anncctcns 


. 218 

Parthonopidae 


378, 380, 390 

Parthenopinao 


378, 390 

Patella vulgata 


, . 48, 57 

Patella (Patellidea) tara 


70 

Peleoypoda . 


274, 280 

PclthydruB . 


30 

tsimllis . 


29 

vitalisi . 


30 

Pompheres affinia , 


125, 127 

indica 


. 127 

Perichaela 


187,211 

bicinota . 


. 195 

burliarensis 


. 211 

campanulata . 


197 

creacentica 


. 203 

cupulifera 


. 205 

clongata . 


. 201 

hawayana 


, 202 

houlleti . 


203, 210 

hulikalensis 


. 211 

lawHoni . 


. 211 

mirabilia 


. 198 

morrisi . 


, 205 

posthuma 


. 207 

robusta . 


. 209 

taprobanae 


. 209 

tramncorenaia . 


. . 203 

viridis 


. 187 

Peromeka 


219, 223 

Potrosia 


70 


Pherotima . 106, 176, 176, 177, 182, ia7, 
186, 186, 187, 188, 191, 106, 197, 
201, 211 

alcxandri . 176, 176, 178, 179, 

180, 186, 188, 196 
anomala . . 175, 176, 179, 180, 

182, 186, 188, 189, 191, 192, 193, 
194, 195 


Pheretima austrina 
barbadensis 
harbadensis 
bicinota . 

birmanioa 

hiatrialis 

burliarensis 

californioa 

campanulata 


penetralia 
choprai . 
crescentica 
diffringcns 


doliaria . 
clongata . 

exigua . 
guiUelmi . 
hawayana 


robuHta . 
stcUeri . 
stuarti . 
suctoria . 

^ muUani 
taprobanae 


Page. 
. 186 
a 210 

. 205 

175, 186, 186, 188, 191, 
196 

. 186 
. 201 
176, 187, 211 
. 187 

175. 180. 181, 186, 
191, 192, 195, 197, 203, 

204, 210 

. 197 

. 186 
. 203 

175, 177, 179, 180, 
181, 182, 188, 184, 186, 187, 189, 

. 192,198 
. 186 

175, 186, 186, 188, 191, 192, 
201 

. 186 
. 203 

175, 184, 186, 191, 
202,210 
. 202 

205, 206 
. 206 
. 206 
177, 198 
185, 209 

180. 181, 186, 191, 
192, 203, 204, 205 

. 197 

. 211 
181, 182 
. 187, 211 

176, 192 
180, 181, 203, 204 
. 198 

. 187 

186, 191, 206, 210 
176, 186 

182, 186, 191, 207 

176, 177, 182, 186. 

187, 191, 192, 207 
186, 186, 191, 209 

185, 201 
. 211 
. 192 

. 193 

175, 186, 186, 188, 
191,209 
176, 203, 204 
176, 203 


barbadenaia 
typiea 
heterochaeta 
himalayana 
houlleti . 175, 176, 


houUeti . 
hulikalensis 
immerita 
lawBoni . 
lingicola . 
meridiana 
mirabilia 
montana 
inorrwi , 
{)egnana . 
planata . 
poflthiima 


176, 184, 


175 , 


,181, 


176, 


fravancarenaia 
frivandrana 
udekemi . 
violacea , 
waltoni . 

Pheretima (Polypheretima) 
Philyra scabriusoula 
Phoieophilua . 
capenaia , 
lineata . 
Physignathus 
Phytoooeteopsia 
ramannii 
Pilamninae ,.v 
Piliunnoplaz tjiliata 


203 
. 195 

. 187 

185, 201 
378,388 
. 230 

. 230 

, 230 

. 230 

376, 376 
371, 376 
379,406 
• 412 
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PilumnuB 409 

andersoni , . . . • 406 

ffloboBus . . . . . 408 

nirButus .... 379»407 

longioomis . . . 379, 406 

seminudus .... 407 

PiBidiom .... 275, 280 

clarkeanum .... 2^ 

hydaapicola .... 276 

stoliczkanum .... 275 

zugmavBri .... 276 

PiBidium (Eupisidium) . . .275 

Pisidium {Fosaarina) zugmayeri . 275 

Pisinae 378, 388 

Planorbidae . . . 261,271, 279 

Planorbis .... 271, 279 

comeus 271 

planorbis 271 

tangitarenaia . . . 272 

Planorbis {Anistts) avbanguhiua var. 272 

Planorbia ^ua .... 272 

andecoluB .... 272 

ohoanompbalus . . . 272 

oonvexiusculuB. . . . 279 

exuBtus 279 

glaber . . ' • • • 272 

NeviUi 273 

Planorbia (Oyraulua) albua . . 272 

alhua var. .... 272 

convexiuBGulus. . . . 279 

ladacensis .... 273 

Planorbia (OyravXua) laevia ladacefnaia 273 
NeviUi .... 273 

pankongensis .... 272 

aaigonenaia . . « « 279 

Planorbia {Planorbia) exustus . . 279 

Planorbis {Tropidiacua) planorbis 

tangitarensis . . * . 272 

aubangidatna var. . . . 272 

Polistoraorpha . 287, 288, 289, 290 

bulbiventris .... 289 

fasciata .... 289, 290 

indica .... 289, 290 

nigrimaoulata .... 289 

nitidiventris .... 289 

paivai .... 289, 290 

sphegoides .... 289 

BurihamenBis . . . 289, 290 

Polymitaroidae . . 361, 364, 370 

Polymitaroys birmanua . . . 370 

indions 354 

PontoBoolex corethrurus . . .182 

Portunidae . . 378, 380, 381, 391 

Potamanthidae . . . 351, 369 

Potamanthodes . . . 369, 370 

lormosus . . . 869 

. Potamanthus . \ . . 369 

BubooBtalifl .... 369 

PoUmanihua expeotana . « .366 

faaciatua 366 

{ormoflUB .... 369 

Potamon sp 379, 418 

Potamon (AoantlcielpbiiBa) dayanum^^ 

PotamonkUe . . . 379, 380, 417 

Potamoninae . • • • 379, 417 

PmapM/OB , . . . • 230 

Projai^gldae , • • • 1 


Promegaacolex 

Page, 
. . 187 

mekongianus . 

. 187 

tPropseudecheneis . 

848 . 349, 350 

ftchangi . 

. 848,349 

Prosobranchia 

. 261 

Pseudechencis . 243, 

245, 252, 254, 

Bulcatus . 

348, 349, 350 
348, 349 

Pseudeutropius taakree . 

. 18,20 

Pseudooatolaccus . 

125, 126 

Psoudogastromyzon 

8, 12 

Pseudorhombilinao 

379, 411 

PsilorhynchuB 

246, 252, 254 

Ptcroraalidae 

. . 125 

Pterochilus viridia . 

437, 458 

Pulmonata 

. 264 

PuntiuB 

18 

Puntiua filamentosua 

22 

Puntiua {Capoeta) lepidua 

24 


R 


Radiolaria 

. . 53 

Rasbora 

26 

caveiii . 

18. 19, 86, 27 

daniconius . 7, 

8. 16, 17, 19, 26, 
884 

rasbora . 

. . 26 

Reptilia 

. 213 

Rhodona 

214, 217, 880 

aiigiiinoides 

214, 230, 231 

auBtrale . 

• 231 

bipes 

. . 231 

bougainvillii . 

. • 230 

fragile 

• • 230 

frosti 

. 230 

gerrardi . 

• 230 

lineata . 

. 231 

lineopunctulata 

230, 231 

macropisthopus 

. 230 

microtis . 

. 230 

miopuB . 

. 231 

nichoUai . 

. 230 

ophioscincus . 

. . 230 

picturata 

. • 230 

planiventralifl . 

. • 230 

pumila . 

. 230 

punctata 

. 230 

punctatovittata 

. . 230 

roulei 

* 230, 231 

terdigitatuni . 

. 230 

walkeri . 

. 230 

wilkinsi . 

. 230 

Khodopia 

. 187 

javanica . 

. . 187 

Rhoenanthodes 

. 369 

amabilis . 

. 869 

Rhoenanthus 

. 369 

poatiouB . 

. 889 

Rhoenanihua amabiliB 

. 369 

Rhynchium nitidulum . 

. . 300 

Riops . 213,214,216,217.223, 

887,280 

africanum 

. 232 

modeata . . . 

. 4 280 

vinoiguerra 

. 4 280 

Riopa (Emoia) anchietae 

4 • 214 



Page, 


Riopa (Bogon^lus) 
albofasciolata . 
gamim . 
mentoyaria 
miorolepii 
ruleaoenB 
BtilaenBe . 

Riopa (Bumeoia) 
anchietae 
johnstooi 

Riopa (Panaspifl) . 
afrioanum 
brovipes . 
cabindae 
kitsoni . 
reiohenovei 
togoenBO 
Riopa (Riopa) 

al^punotatum 
anguiana 
bampfyldei 
bowringi 
oorpiilentum • 
femandi . 
guentheri 
guineonse 
herberti . 
isodactyla 
koratonse 
lioeata . 

„ lineolata . 
mabuiformis . 
mooquardi 
modestum 
opisthorhodum 
produota 
punctata 
sundevalli 
tanae 

vinoiguerra 
vosmaeri 
RisBoidae 
Rooellaria sp. 

Rohtee . 312» 3 

bakeri . 

belangeri 

ootio 

cunma . 
duvauoelli 
feae 

marginatuB 
miorolepis 
ne^i 
ogilbii 
vigorBii . 

Bonia . 

eoienidato 

lineopunctulata 

S 


. 229 

. . . 229 

. 229 

. 229 

. 229 

. 229 

. m 

. 230 

. 230 

. m 

. 229 

. 229 

. 229 

. 229 

. 229 

. 229 

. 228 

. 228 

. 228 

. 228 

. 228 

. . . 228 

. 228 

. 228 

. 228 

, . . 228 

. . . 228 

, . . 228 

. . . 228 

. 228 

. 228 

. . . 228 

. . . 228 

. 228 

, . . 228 

. 228 

. 228 

. 228 

. 228 

. 228 

64 
70 

I, 314, 316, 316, 317, 

318, 321 
. 312, 316 

, 312, 314, 316 

312, 313, 316 
313, 314 
. 17,312,316,317 
, . 312 

. . , 317 

. . .315 

19 

19, 312, 313, 318 
. . . 312 

. 230 

. 230 

. 230 


SaocobranohuB foBsilis ... 43 

Sagitta . 83, 84, 85, 86, 87, 88, 89, 90, 91, 

92, 94, 95, 96, 97 
bedotl , • . . 84, 90. 91 

bipnnotata ■ • * • • 83,91 

bombayenais , . • 84, 90 



Page. 

Sagitta enflata 

83, 84, 85, 86, 87, 90, 91, 
94, 95, 96, 97 

ferox 

. ... 84 

gardineri 

84, 85, 86, 87, 89, 
90, 91, 94, 95, 96, 97 

hexaptera 

91 

hispida . 

83, 84, 86, 86, 87, 91, 94, 
96, 96, 97 

lyra 

91 

neglecta . 

84, 86, 86, 87, 91, 94, 95, 
96, 97 

plankDonis 

. 83, 84, 86, 86, 87, 91, 

94, 96, 96^ 97 

polydon . 

84, 91 

pulohera . 

84, 91 

rogularis . 

84, 91 

robusta . 

84, 85, 86, 87, 94, 94, 95, 
96, 97 

septata . 

84, 91 

serratodcntata 

84. 91 

BubtiliB . 

83, 84 

tenuis 

84, 86, 86, 87, 91, 94, 96, 
96, 97 

tricuspidata 

84, 91 

Salmacia bicolor 

. . * 66, 68, 466 

Saptadanta nasika 

70 

Sauroscincils . 

. 223 

braconnieri 

. 223 

Scaphiodou nashii 

7, 8, 9, 10 

thomaBii . 

19 

Scelotes 

. 223 

Schilbeidae . 

18, 20, 240 

Bchizooypris . 
Schizophrys asper 

. 246 

. 378, 390 

Schizopygopsis 

. 242 

Sohizothorax . 

43, 242, 244, 245, 246, 
247, 262, 267 

esooinus . 

. 241 

zarudnyi 

303, 304 

Schizothoraoinae 

241, 242, 244, 245, 
246, 257, 258 

Scincidae 

. 213 

Scincus atrocostatuB . . . 226 

muelleri . 

. . . . 222 

• . smaragdinuB 

. 226 

tellairii . 

. 223 

vosmaeri 

. 227 

{Soolioaoolides 

806, 306 

bergtheili 

. 807 

Soopimorinae 
Soylla serrata 

379, 422 

378, 380, 891 

SemiplotuB . 

43, 45, 46, 252, 253, 256 

oirrhoBUB 

46 

modestUB 

45, 46 

fiemiplotus 

44, 46, 46, 254 

Sepsina 

. . . . 223 

Sewrma 

. 431 

bataviana 

. 430 

erythrodaotyla ... 430 

meliBBa . 

. 430 

plioata 

. 429, 430 

quadratum 

. 430 

SoBarma (Ghiromantes) bidens 379, 380, 

481 

Seeama (Paras^iianna) . , .430 

obliquifqniiiB 

. . .430 

tpraiahadi 

379,381,499,429. 

430,431 



Sesarma (Paraseaaima) rutilimana 
Sesarma (Sesarma) taeniolata 
Sesarminae 
l^wellia 
Siaphos 
Siaphos 
aequalis 
Silonia . 

silondia 
Siluridae 
Siluroidea 

Silurus . . n» 266, 

glanis 


331, 


wynaadensis 
loynaadeTisis 
Bisor 

Sisoridae . 13, 19 

Smiliogaster . 

Somileptes 
Soridia . 

lineata . 

Spadella 

cephaloptcra 
Bphaerium 
bomecnse 
cecilae 

fkashmirensis 
moiitanum 
sp. . 

Sphcnodon . 134, 

147, 148, 

Sphenomorphus 
melanopogon . 
Sphenoptera gossypii 
Sphenosoma . 
Spinibarbichthys . 
Spinibarbus . 

Sponges 

Sternolophus rufipes 
Stiliger . 


Page. 
. 431 

379,426 
379, 426 
8, 12 
213 
219 
219 
254 
256 
241 
18 

341, 342, 343 
. 343 

342,343 
342, 343 
341, 342, 343 
246, 253 
338, 339, 242 
314 
262 


bellulus 

felinus 
fgopalai . 

445, 447, 461 


irregularis 
mariae . 
modestus 
omatus . 
pica 

Bouleyeti 
tentaculatufi 
varians . 
viridis . 
Btiligeridae • 
Saocinea 
indica 

Suooineidae . 
Symphyiarinus 
spraBBii . 
findiouB . 
forientalis 
Syitamus auimUU 
filamentosuB 
madraepaUnM 


230 
230 
88 
88,90 
261, 276 
. 276 

. 276 

261, 276. 277 
276, 277 
. 277 

139, 143, 145, 146, 
151, 160, 167, 173 
213, 214, 219 
. 219 

126, 127 
. 227 

311, 312, 314, 318 
311, 312, 314, 318 
53 

33, 34, 35, 89 
436, 436, 437, 438, 440, 441, 
442, 444, 447, 460, 457, 458 
437, 438, 440, 441, 442, 
461, 467, 468, 469 
437, 468 
436, 437, 438 . 440, 442, 
462, 463, 466, 466, 467, 
458 
437, 468 
441, 467 
. . 437 

436, 437, 468 

437, 461, 468 
441, 444, 461, 467 

437, 442, 468 


437, 441, 468 
. 437 

437, 467 
273. 274 
. 274 

261,273 
1 
4 

1.2 
2.3 
24 
24 
24 
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Tergipes 



. 439 

edwardsii 



. 455 

lacinulatus 



. 465 

Tetradactylus . 



. 223 

decrcsionsis 



. 223 

Tetralia glaberrima 



379, 4U 

Thalamita prymna . 



378,395 

Theconyx 



. 226 

halianus . 



. 226 

Thynnichthys 



11, 256 

Thysanura 



1 

Tiliqua . 


213, 232. 233 

adelaidonsis 



. 233 

branchiale • 



. 233 

casuarinae 



. 233 

gastrostigma . 



233 

gigas 



232, 233 

nigrolutea 



. 233 

occipitalis 



. 233 

scincoidcs 



. 233 

wood-jonesi 



. 233 

Tiliqua dura . 



. 231 

Tincta tincta . 



. 316 

Tivcla stultorum . 



51 

Tonoscolex . 



. 307 

Trai^zia areolata . 



. 410 

cymodoce 



379, 410 

areolata . 



. 410 

ferruginea 



. 410 

areolata , 



379, 410 

maculata 



. 410 

Tridactylus . . 



. 223 

dccresicnsis 



. 223 

Trishormomyia findica 



. 284 

Trochidao 



47, 64 

Trochomorphidac . 


40, 62, 

273, 274 

Trochus . 47, 

48, 

65, 67, 65, 



69, 71 

conuloidcs 



66 

lincatus . 



66 

maculatus 



, 47 

magus 



65 

maximuB 



• 48 

niloticus . 47, 48, 

60, 51, 62, 63, 64, 

66, 66, 67, 68, 69, 

60, 

61, 62, 

63, 64, 66, 


66 

68, 69, 70, 71, 72 

obeliscue . 



47 

pyramis . 



47 

Trochus (Gibbula) . 



, 56 

Tropidophorus 



. 231 

Tropidoscineus 



. 223 

aubrianus 



. 223 

Turbinidae . 



64 

Turbo . 



69 

marmoratuB . 



. 66 

Turbo (Batillus) comutus 
Turritella communis 

• 

• 

. 71 
. 55 

Typhloseps • 

• 

• 

. 230 

roulei • 

• 

• 

. 230 

U 




Uca manii • • 

• 

• 

. 422 

marionis • 

• 

• 

. 422 

Uromastiz • , • 

. • 

• 

13i 160 



zzu 


Index* 


V 


Pngt* 


W 


Valvata 

. 261, 262 

piscinalis 

. 262 

ambigua . 

. 262 

Val?atidae . 

. 261,262 

VsranoB . 133, 134, 144, 146, 146, 

148, 156, 160, 

161, 167, 172, 173 

bengalensie 

. 134 

griBeuB . 

. 134 

monitor . 133, 134, 

136, 136, 143, 149 

niloticus . 

. 133 

Salvator . 

133, 134 

varius 

133, 149 

Varuna littorata 

379, 426. 426 

Varuninae 

379, 426 


Vermetus (Spiroglyphus) andama- 

nicus 70 


Wallago 

attu 


X 

Xanthidae . 378, 380, 381, 

Xanthinae .... 
Xantho .... 
distinguendud . 
neglcctus . 378, 380, 

Xantho {Leptodius) cavipes 
exaratus .... 
Xencntodon cancila 
Xenentodoutidae . 
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. 264 

. 265 


396, 417 

378, 396 
. 397 

. 397 

397, 398 

. 398 

. 398 

7, 20, 44 

. 18, 20 


MQIPO -M— in^21— 14.7-89--440. 






